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PREFACE 
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Laboratory.  The  work  was  funded  by  the  Office  of  the  Chief  of  Engineers,  Direc¬ 
torate  of  Civil  Works,  under  the  River  Ice  Management  (RIM)  Program,  CWIS 
32228,  Remote  Ice  Monitoring  System. 

The  author  thanks  Eleanor  fluke  for  setting  up  the  base  maps,  for  drafting  the 
final  maps,  and  for  preparing  the  location  map;  Matthew  Pacillo  for  preparing  the 
graphs;  Donna  Harp  and  Jacqueline  Castor  for  repeated  typing  of  this  manuscript 
with  its  numerous  tables,  Mark  Hardenberg  for  technical  editing,  which  included 
excellent  suggestions  eri  report  format  and  wording;  and  Duane  Eppler  and  Mich¬ 
ael  Bilello  for  technical  reviews  of  the  manuscript.  Both  reviewers  suggested  many 
changes  that  improved  the  manuscript,  making  it  far  more  readable. 

Air  temperature  data  were  obtained  from  the  National  Weather  Service,  water 
ternpei  ature  data  from  the  Ohio  River  Sanitation  Commission  and  discharge  data 
from  the  U.S.  Geological  Survey. 

The  k  ontents  of  this  report  are  not  to  be  used  for  advertising  or  promotional  pur¬ 
poses.  Citation  of  brand  names  does  not  constitute  an  official  endorsement  or  ap¬ 
proval  o.  the  ur.::  of  such  commercial  products. 
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Ice  Conditions  Along  the  Allegheny  and  Monongahela 
Rivers  as  Observed  on  Landsat  Images,  1972-1985 

LAWRENCE  W.  GATTO 


INTRODUCTION 

In  the  northern  United  States,  ice  can  delay 
or  stop  winter  navigation  and  cause  unexpected 
emergencies.  Because  of  its  responsibility  for 
providing  safe  and  reliable  navigation  routes, 
the  Corps  of  Engineers  is  analyzing  river  ice  and 
investigating  structural  and  operational  solu¬ 
tions  to  ice  problems  on  rivers  as  part  of  its  River 
Ice  Management  (RIM)  Program. 

One  element  of  the  RIM  Program  was  the  col¬ 
lection  of  data  on  past  ice  conditions  along  the 
Ohio,  Allegheny,  Monongahela  and  Illinois  Riv¬ 
ers  from  ground  observations,  aerial  pho¬ 
tographs  and  video  tapes,  and  Landsat  images. 
Ice  observations  by  the  Corps  of  Engineers  and 
National  Weather  Service  from  ground  sites 
cover  only  those  river  reaches  visible  to  people 
on  locks  and  dams  or  on  the  bank,  supplemented 
by  the  observations  of  people  on  boats  (Bilello  et 
al.,  in  press);  aerial  photographs  and  video  tapes 
were  not  taken  each  winter.  Satellite  imagery, 
however,  is  available  for  entire  rivers.  Landsat, 
NOAA-series,  and  GOES-series  images  have 
been  used  to  monitor  ice-covered  areas  on  rivers 
and  river-ice  breakup  (Dey  et  al.  1977,  McGinnis 
and  Schneider  1978,  Stefan  1980,  Dean  1984), 
but  not  along  the  rivers  studied  during  this  pro¬ 
ject.  Based  on  this  previous  work  and  com¬ 
parisons  between  Landsat,  NOAA,  GOES,  and 
DMSP  images,  it  was  evident  that  Landsat 
images  showed  far  more  detail  than  the  others. 
Consequently,  I  used  Landsat  images  for  map¬ 
ping  historical  ice  conditions  along  the  entire 
navigation  channels  of  the  two  rivers. 


♦Defense  Meteorological  Satellite  Program 


The  ice  data  are  required  for  developing  an  ice 
forecasting  model,  for  evaluating  remote  sensing 
systems,  and  for  other  projects  in  the  RIM  pro¬ 
gram.  The  purpose  of  this  report  is  to  summarize 
ice  conditions  on  the  Allegheny  and  Mononga¬ 
hela  Rivers  during  the  winters  from  1972-73  to 
1984-85  as  determined  from  Landsat  images. 

Landsat  images  have  several  drawbacks  for 
analyzing  river  ice  distributions  that  change  fre¬ 
quently.  First,  the  number  of  usable  images  is 
limited  because  Landsat  groundtracks  repeat 
only  every  8  or  9  days  and  cloud  cover  frequently 
obscures  the  river.  Second,  river  ice  is  not  always 
apparent  on  an  image  nor  are  all  the  types  and 
conditions  of  ice  because  the  Instantaneous  Field 
Of  View  (IFOV)  of  the  Landsat  sensors  is  some¬ 
times  insufficient.  Third,  the  images  do  not  show 
all  the  detail  that  is  detected  by  the  Landsat  sen¬ 
sors  and,  consequently,  it  is  not  possible  to  differ¬ 
entiate  as  many  ice  types  and  characteristics  as 
may  have  been  detected.  To  get  full  use  of  the 
spectral  and  spatial  resolutions  of  the  imagery 
data,  computer  analysis  of  the  data  would  be 
necessaiy.  Limited  funds  and  time  made  this  ap¬ 
proach  impractical,  since  hundreds  of  images 
were  analyzed  during  this  study. 

The  areas  of  study  are  the  72  miles  of  the  Al¬ 
legheny  River  from  the  end  of  the  navigation 
channel,  10  miles  upstream  of  Dam  9,  to  Pitts¬ 
burgh,  Pennsylvania,  and  the  129-mile-long  Mo¬ 
nongahela  River  from  the  confluence  of  the  West 
Fork  and  Tygart  Rivers  to  Pittsburgh  (Fig.  1). 
The  Allegheny  has  eight  dams  along  this  reach 
that  divide  it  into  pools;  the  Monongahela  has 
nine  dams  (Table  1 ).  Pool  lengths  vary  from  5.9  to 
9.8  miles  on  the  Allegheny  and  5.8  to  23.8  miles 
on  the  Monongahela.  Pool  surface  areas  vary 
from  24.92  to  56.34X10®  ft2  along  the  Allegheny 
and  17.42  to  81.68x10®  ft2  along  the  Mononga¬ 
hela. 


Table  1.  River  pools  to  the  end  of  the  navigation  channel. 


Landsat  images 
(path-row) 

Landsats  1-3  Landsats  4,5 


Pool  no.  /  Pool  start  and  stop  points 
length  (mi) _ (river  miles) _ 

Allegheny  River 


Approximate 
surface  area* 
(ft?Xl(f) 


18-31,18-32,19-31 

17-32 

1/9.8 

River  mile  72  to  L&Df  9(62.2) 

38.81 

18-32,19-31,19-32 

17-32 

2/9.6 

L&D  9  to  L&D  8  (52.6) 

43.09 

18-32,19-31,19-32 

17-32 

3/6.9 

L&D  8  to  L&D  7(45.7) 

34.61 

18-32,19-31,19-32 

17-32 

4/9.4 

L&D  7  to  L&D  6(36.3) 

47.15 

18-32,19-31,19-32 

17-32 

5/5.9 

L&D  6  to  L&D  5(30.4) 

24.92 

18-32,19-32 

17-32 

6/6.2 

L&D  5  to  L&D  4(24.2) 

31.10 

18-32,19-32 

17-32 

7/9.7 

L&D  4  to  L&D  3(14.5) 

56.34 

18-32,19-32 

17-32 

8/7.8 

L&D  3  to  L&D  2(6.7) 

43.22 

18-32,19-32 

17-32 

9/6.7 

L&D  2  to  Pittsburgh  Point  (0) 

33.05 

Motion 

gahela  River 

19-32 

17-33 

1/13.3 

River  mile  128.7  to  Opekiska 

L&D  (115.4) 

31.60 

19-32 

17-33 

in  A 

Opekiska  L&D  to  Hildebrand 

L&D  (108) 

17.58 

19-32 

17-33 

3/6.0 

Hildebrand  L&D  to  Morgantown 
L&D  (102) 

17.42 

18-32,19-32 

17-32 

4/11.2 

Morgantown  L&D  to  L&D  8(90.8) 

32.53 

18-32,19-32 

17-33 

5/5.8 

L&D  8  to  L&D  7(85) 

19.91 

18-32,19-32 

17-33 

6/23.8 

L&D  7  to  Maxwell  L&D  (61.2) 

81.68 

18-32,19-32 

17-33 

7/19.7 

Maxwell  L&D  to  L&D  4(41.5) 

71.04 

18-32,19-32 

17-33 

8/17.7 

L&D  4  to  L&D  3(23.8) 

71.47 

18-32,19-32 

17-33 

9/12.6 

L&D  3  to  L&D  2(11.2) 

51.34 

18-32,19-32 

17-33,18-32 

10/11.2 

L&D  2  to  Pittsburgh  Point  (0) 

50.91 

♦When  the  water  level  is  at  normal  pool  elevation. 
tL&D  means  lock  and  dam. 
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Figure  1.  Location  map  with  Corps  of  Engineers  lock  and 
dam  sites. 


IMAGERY  INTERPRETATION 
AND  MAPPING 

Each  Landsat  had  two  imaging  sensors. 
Landsat  1,  2  and  3  had  a  Multispectral  Scan¬ 
ner  (MSS),  with  an  IFOV  of  approximately 
260x260  ft,  and  a  Return  Beam  Vidicon  (RBV), 
with  an  IFOV  of  262x262  ft  on  Landsat  1  and 
2,  and  an  IFOV  of  131x131  ft  on  Landsat  3. 
Landsat  4  and  5  have  a  MSS  (same  IFOV) 
and  a  Thematic  Mapper  (TM),  with  an  IFOV 
of  98X98  ft.  A  visual  comparison  of  imagery 
in  each  MSS  spectral  band  showed  that  more 
grey  tones  from  river  ice  are  visible  to  the  eye 
in  the  0.6-  to  0.7-pm  imagery  than  in  the  oth¬ 
er  bands.  Consequently,  I  analyzed  0.6-  to 
0.7-pm  MSS,  0.580-  to  0.680-gm  RBV  (Land¬ 
sat  1  and  2),  0.505-  to  0.750-pm  RBV  (Landsat 


3),  and  0  63-  to  0  69  p.m  TM  (Landsat  4  and  5) 
imagery. 

Each  Landsat  image  is  designated  by  a 
path  and  row  number.  Four  images  from 
Landsat  1,  2  and  3,  and  one  image  from 
Landsat  4  and  5  were  used  to  analyze  ice 
conditions  on  the  Allegheny  River  (Table  2). 
Two  images  from  Landsat  1,  2  and  3,  and 
three  from  Landsat  4  and  5  were  required  to 
cover  the  Monongahela  River.  Appendix  A 
lists  the  dates  of  all  Landsat  images  ana¬ 
lyzed  during  this  study.  Additional  details 
on  Landsat  imagery  are  available  in  a  com¬ 
panion  report  (Gatto  1 988). 

Oblique,  color  aerial  photographs  and 
videotapes  taken  from  1000-3500  ft  above  the 
rivers  during  the  winters  of  1983-84  and 
1984—85  show  that  ice  on  the  Allegheny  and 
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Table  2.  Approximate  coverage  of  each  Landsat  image 


Landsats  1-3 


Path — Row  Approx,  river  miles 


Landsats  4  and  5 


Path — Row  Approx,  river  miles 


Allegheny  River 

55-73  to  Allegheny  Reservoir 

0  to  90  17-32 

25-45  to  below  Allegheny  Reservoir 
0  to  40-65 


0  to  85 


Monongahela  River 


0  to  100-105 
0  to  129 


0  to  103 

95  to  Tygart  Lake 


Table  3.  Ice  conditions  as  observed  from  a  low-altitude  aircraft 
(from  Gatto  and  Daly  1986). 

Description 


[1]  Open  water 

River  is  ice-free;  no  ice  apparent. 

[2]  Solid  ice  cover 

River  is  completely  covered  (100%)  with 
ue;  no  individual  ice  pans,  blocks,  or 
chunks  are  visible;  ice  may  be  snow-covered. 

[3]  Solid  ice  cover 
with  open-water  areas 

River  is  partially  covered  with  solid  ice 

(as  described  above)  but  has  open  (ice-free )are as. 

[4]  Fragmented  ice  cover 

River  is  completely  covered  (100%)  with  ice 
that  has  distinct,  variably  sized,  indivi¬ 
dual  ice  pans,  blocks,  or  chunks. 

[5]  Fragmented  ice  cover 
with  open-water  areas 

River  is  partially  covered  with  fragmented 
ice  (as  described  above)  but  has  open  (ice- 
free)  areas. 

[6]  Ice  floes  or  frazil 
slush  and  pans 

River  is  primarily  open  (ice-free)  with 
floating  ice  floes,  slush,  or  pans. 

Monongahela  Rivers  varies  considerably  in 
its  characteristics,  but  in  general  can  be  vi¬ 
sually  classified  into  six  ice  conditions  (Ta¬ 
ble  3).  The  IFOV  and  spectral  resolution  of 
Landsat  sensors  are  insufficient  to  show  the 
differences  among  these  six  conditions,  al¬ 
though  Landsat  TM  images  show  much  more 
detail  than  the  MSS  and  RBV  images.  In  ad¬ 
dition,  Foster  et  al.  (1978)  report  that  it  is  of¬ 
ten  difficult  to  distinguish  different  ice  types 


on  Landsat  images  because  different  ice 
may  have  the  same  appearance  or  spectral 
signature. 

The  primary  characteristics  that  influ¬ 
ence  grey  tones  for  river  ice  observed  on 
Landsat  images  are  ice  thickness,  snow 
cover  and  mixtures  of  river  surface  types, 
some  of  which  are  smaller  in  area  than  the 
IFOV  of  Landsat  sensors.  This  is  important 
because  the  principal  source  of  error  in  this 
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Figure  2.  Landsat  image  of  the  Allegheny  River  taken  22  January  1984 ;  low-altitude  photo¬ 
graphs  taken  on  20  January  1984.  On  the  Landsat  image,  river  flow  runs  from  top  to  bottom. 


study  arises  from  the  erroneous  inferences 
one  could  make  regarding  the  ice  conditions 
that  Landsat  grey  tones  represent.  For  ex¬ 
ample,  thin  ice  in  one  scene  may  be  trans¬ 
parent,  appear  black,  and  be  classified  as 
open  water.  This  same  ice  cover  viewed  after 
a  light  snowfall  would  appear  white. 

When  I  viewed  Landsat  images  (9-  by  9- 
in.  black  and  white  film  positives)  of  the 
rivers  on  a  light  table  with  a  7-10  power 
magnifier,  reaches  of  the  rivers  appeared  as 
black,  grey  or  white.  Textures  and  patterns 
within  the  tones  sometimes  were  apparent, 
but  the  subtleties  that  differentiate  the  six  ice 
conditions  (Table  3)  were  not  obvious. 


To  determine  which  types  of  river  ice  pro¬ 
duced  these  different  tones,  textures  and  pat¬ 
terns,  I  compared  ice  conditions  shown  on 
aerial  photographs  and  videotapes  taken  on 
dates  as  close  as  possible  to  those  for  which 
Landsat  images  are  available  during  the 
1976-77, 1977-78, 1983-84  and  1984-S5  win¬ 
ters.  These  comparisons  show  that  when  the 
river  appeared  black  on  an  image  and  had 
no  discernible  textures  and  patterns,  the  riv¬ 
er  was  open  (ice  free).  It  is  possible,  however, 
that  thin,  transparent  ice  that  appears  black 
from  above  covered  part  or  all  of  the  river  in 
some  instances.  Thin  ice  such  as  this  cannot 
be  distinguished  from  open  water  in  Landsat 
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January  1984;  low-altitude  photographs  taken  on  20  January  1984. 
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images.  During  some  of  the  low-altitude 
aircraft  flights  in  1983-84,  the  only  way 
transparent  (black)  ice  was  apparent  to  the 
eye  was  when  a  barge  went  through  the  ice 
and  made  visible  cracks. 

Ice  conditions  that  appear  grey  on  Landsat 
images  vary  from  fragmented  ice  (usually 
thin)  with  large  open  areas  to  ice  floes,  pans, 
or  slush  mixed  with  open  areas.  The  grey 
tone  usually  had  a  patchy  or  mottled  appear¬ 
ance  or  showed  textures  or  patterns.  This 
grey  ice  should  not  be  confused  with  the  tern 
“grey  ice”  as  applied  to  sea  ice  (WMO  1970). 

When  the  river  appeared  white  (or  nearly 
white),  sometimes  with  discernible  textures 
or  patterns,  ice  conditions  varied  from  solid 
or  fragmented  ice  (usually  thicker  than  grey 
ice)  with  no  open  water  to  ice  with  scattered 
open  water  areas  that  are  smaller  than 
Landsat’s  IFOVs.  These  openings  are  fewer 
than  those  that  occur  where  a  grey  tone  is  ob¬ 
served.  A  white  tone  could  also  mean  that  the 
river  ice  was  snow-covered.  A  navigation 
track  in  white  ice  appears  black  if  the  track 
is  ice-free.  More  commonly,  the  track  ap¬ 
pears  grey  because  it  is  filled  with  slush, 
brash  or  floes  (Fig.  2  and  3). 

The  upstream  and  downstream  extent  of 
grey  ice  and  white  ice  as  observed  on  Land- 
sat  images  was  transferred  to  base  maps 
(Appendix  B).  The  lengths  and  areas  of  open 
water,  grey  ice  and  white  ice  within  each  pool 
were  measured  and  converted  to  percentages 
(Appendix  C),  which  were  then  graphed  to 
show  the  first,  maximum  and  last  ice  ob¬ 
served  on  each  pool  (Appendix  D). 


RESULTS 

Because  Landsat  imagery  is  often  the  only 
historical  record  of  river  ice  conditions,  it  is 
not  possible  to  provide  an  independent  check 
of  the  imagery  analysis.  However,  river 
water  temperature  can  be  a  good  indication  of 
the  presence  or  absence  of  ice.  If  the  river 
water  temperature  is  at  0°C,  a  necessary  con¬ 
dition  for  the  presence  of  ice  is  satisfied. 
Given  the  inaccuracies  in  water  temperature 
measurement,  the  possible  stratification  of 
river  water  temperature,  and  other  factors, 
however,  one  may  expect  ice  to  be  present 
when  a  temperature  record  indicates  river 
water  temperature  above  0°C,  to  some  extent. 


Records  of  river  water  temperature  (Append¬ 
ix  E)  are  available  at  river  mile  13.3  about  1 
mile  downstream  of  Lock  and  Dam  3  on  the 
Allegheny  River  and  at  river  mile  4.5  about  7 
miles  downstream  of  Lock  and  Dam  2  on  the 
Monongahela  River.  A  conservative  criteri¬ 
on  for  the  presence  of  ice  was  a  river  water 
temperature  of  0°C,  and  I  assumed  that  no  ice 
existed  when  the  river  water  temperature  was 
above  0°C.  When  Landsat  images  were 
available,  the  image  analyses  agreed  with 
this  water  temperature  criterion  80.3%  of  the 
time  (Gatto  et  al.  1987). 

As  previously  mentioned,  one  shortcom¬ 
ing  of  Landsat  imagery  is  the  spottiness  of 
coverage.  Examination  of  the  river  water 
temperature  records  (Appendix  E)  provides 
one  way  to  quantify  this  lack  of  coverage.  By 
examining  the  water  temperature  record,  the 
period  of  the  lowest  river  water  temperature 
for  each  year  could  be  selected.  Often  these 
temperatures  were  not  near  0°C.  During  this 
coldest  period,  33%  of  the  time  Landsat  im¬ 
ages  were  not  available. 

Ice  was  observed  on  the  Allegheny  River 
with  Landsat  images  during  10  of  the  13 
winters  from  1972  to  1985  (Fig.  4)  and  during 
7  of  the  13  on  the  Monongahela  River  (Fig.  5). 
The  dates  cited  in  this  report  are  the  dates 
when  ice  was  observed  on  Landsat  images. 
Note  that  dates  of  Landsat  observations  do  not 
necessarily  coincide  with  dates  when  ice  on 
both  rivers  actually  first  occurred,  was  at  its 
maximum,  or  last  occurred. 

1972-73 

When  ice  was  observed  on  Landsat  im¬ 
ages  in  1972-73  (Fig.  4  and  5),  air  tempera¬ 
ture  was  -10  to  -15°C  in  the  Pittsburgh  area, 
water  temperature  was  at  or  near  freezing 
and  discharges  were  low  (Fig.  El).  On  the 
Allegheny  River,  the  first  ice  and  the  maxi¬ 
mum  extent  of  ice  were  observed  on  11  Jan¬ 
uary  when  all  of  the  study  area  had  grey  ice 
and  white  ice  (Fig.  Bla,  Table  4).  Ice  was  last 
observed  on  17  February  when  62%  of  the  riv¬ 
er  had  a  grey  ice  cover  and  10%  had  white. 
Only  the  Lock  and  Dam  7  pool  (pool  3)  ap¬ 
peared  black  on  this  date  (Fig.  Bla  and  Dla). 

On  the  Monongahela  River,  ice  first  ob¬ 
served  on  the  11  January  Landsat  image  was 
grey  and  covered  only  3%  of  the  river  (Fig.  5, 
Table  5).  On  17  February,  ice  covered  35%  of 
the  river  at  its  maximum  extent  (Fig.  Bib 
and  Dlb). 
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Figure  5.  Areal  extent  of  ice  observed  on  Landsat  images  from  1972  to  1985,  Monongahela  River 
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Table  4.  Summary  of  ice  distributions  (%)  as  observed  on  Landsat  images 
(except  where  noted),  Allegheny  River  (percentages  rounded  to  nearest 
whole  percent). 


Date 

Amount  of 
river  visible 

Black 

(ice  free) 

Grey  ice 

White 

ice 

First  ioe  and  maximum 

11  January 

1972-73 

100 

0 

60 

40 

extent  of  ice 

Last  ice 

17  February 

100 

28 

62 

10 

Ice  observed  once 

2S  January 

1973-74 

38 

34 

4 

0 

First  ice  and  maximum 

6  January 

1975-76 

100 

0 

100 

0 

extent  of  ice 

Last  ice 

23  January 

8 

0 

0 

8 

First  ice 

31  December 

1976-77 

100 

12 

49 

39 

Maximum  extent  of  ice 

18  January 

100 

11 

89 

Last  ice 

23  February 

58 

8 

31 

19 

First  ice  and  maximum 

12  January 

1977-78 

100 

27 

73 

0 

extent  of  ice 

Last  ice 

31  January 

66 

4 

49 

13 

First  ice  and  maximum 

29  December 

1978-79 

100 

39 

61 

0 

extent  of  ice 

Last  ioe 

16  January 

31 

0 

31 

0 

Ioe  observed  once 

28  December 

1980-81 

100 

22 

51 

27 

Ioe  observed  once 

19  January 

1982-83 

87 

57 

30 

0 

First  ioe* 

29  December 

1983-84 

10 

2 

Maximum  extent  of  ice 

22  January 

100 

0 

23 

77 

Last  ke 

12  March 

100 

32 

47 

22 

First  ice  and  maximum  ex- 

16  January 

1984-85 

100 

21 

42 

37 

tent  of  ioe  (ice  observed 
once) 

Last  ice** 

24  February 

10 

10 

— 

— 

‘Based  on  aerial  observations  (Gatto  and  Daly  1986);  3%  of  the  river  was  covered  with  solid  ice,  5% 
with  solid  ioe  with  open  areas. 

“Based  on  videotape  analysis  (Gatto  et  al.  1986);  0.1%  of  the  river  was  covered  with  ice  floes  or  frazil 

slush  and  pans 


Table  5.  Summary  of  ice  distributions  (%)  as  observed  on  Landsat  images  (ex¬ 
cept  where  noted),  Monongahela  River  (percentages  rounded  to  nearest  whole 
percent). 


Amount  of 

Black 

White 

Date 

river  visible 

(ice  free) 

Grey  ice 

ice 

1972-73 

First  ice 

11  January 

15 

12 

3 

0 

Maximum  extent  of  ice 

17  February 

100 

65 

35 

0 

observed  and  last  ice 

1976-77 

First  ice 

31  December 

100 

66 

34 

0 

Maximum  extent  of  ice 

18  January 

100 

5 

40 

55 

Last  ice 

22  February 

99 

69 

24 

6 

1977-78 

First  ice  and  maximum 

12  January 

45 

33 

12 

0 

extent  of  ice 

Last  ice 

31  January 

23 

16 

0 

7 

1980-81 

First  ice 

28  December 

100 

92 

8 

0 

Maximum  extent  of  ice 

5  January 

59 

16 

43 

0 

and  last  ice 

1981-82 

Ice  observed  once 

27  January 

23 

22 

1 

0 

1983-84 

First  ice* 

29  December 

S 

1 

_ 

_ 

Maximum  extent  of  ice 

22  January 

100 

0 

26 

74 

Last  ice 

12  March 

100 

94 

6 

0 

1984-85 

First  ice 

16  January 

100 

94 

6 

0 

Maximum  extent  of  ice** 

4  February 

51 

9 

— 

— 

Last  ice** 

24  February 

51 

51 

— 

— 

•Baaed  on  aerial  observations  (Gatto  and  Daly  1986);  4%  of  the  river  was  covered  with  ice  floes  or 
frazil  slush  and  pans. 

••Based  on  videotape  analysis  (Gatto  et  al.  1986);  4  February — 6%  of  the  river  was  covered  with 
solid  ice,  1%  with  solid  ice  with  open  areas,  8%  with  fragmented  ice,  20%  with  fragmented  ice  with 
open  areas,  7%  with  ice  floes  or  frazil  slush  and  pans;  24  February — 0.3%  of  the  river  was  covered 
with  ice  floes  or  frazil  slush  and  pans. 


1973-74 

Ice  was  observed  once  on  a  Landsat  im¬ 
age.  The  ice  was  apparent  only  on  the  up¬ 
stream  section  of  the  Lock  and  Dam  9  pool 
(Fig.  B2  and  D2)  of  the  Allegheny  River  on  25 
January.  It  was  grey  ice  and  it  covered  4%  of 
the  river  (Table  4). 

1975- 76 

On  6  January,  the  first  and  maximum  ex¬ 
tent  of  ice  on  the  Allegheny  River  was  seen 
on  a  Landsat  image  (Table  4).  It  was  grey  ice 
that  covered  100%  of  the  river.  The  ice  last 
observed  was  white  ice  that  covered  8%  of 
Lock  and  Dam  8  pool  on  23  January  (Fig.  B4 
and  D3). 

1976- 77 

River  water  temperatures  (Fig.  E5) 
dropped  steadily  during  December  and 
reached  the  freezing  point  early  that  month. 
On  1  January  a  cold  period  began  that  lasted 
5  to  6  weeks.  The  average  daily  air  tempera¬ 
ture  during  this  period  remained  below 
freezing  and  discharge  was  low. 

Ice  first  observed  on  the  Allegheny  and 
Monongahela  Rivers  consisted  of  grey  ice 
and  white  ice  (Fig.  B4)  on  31  December  (Fig. 
4  and  5)  and  covered  88  and  34%  of  the  rivers, 
respectively  (Tables  4  and  5).  The  maximum 
extent  of  ice  on  both  rivers  was  observed  on  18 
January.  A  mix  of  white  ice  and  grey  ice 
covered  all  of  the  Allegheny  River  and  95% 
of  the  Monongahela.  The  ice  last  observed 
covered  50%  of  the  Allegheny  River  on  23 
February  and  30%  of  the  Monongahela. 

1977- 78 

The  first  ice  and  the  maximum  extent  of 
ice  were  observed  on  12  January  on  both  riv¬ 
ers  (Fig.  B5).  During  this  time  air  and  water 
temperatures  and  discharge  were  low  (Fig. 
E6).  Ice  was  last  observed  on  31  January 
(Fig.  4  and  5;  Tables  4  and  5). 

1978- 79 

Ice  was  observed  on  only  the  Allegheny 
River  this  winter  on  29  December  (Fig.  4  and 
B6,  Table  4).  It  was  grey  ice  that  covered  61% 
of  the  river.  This  was  also  the  maximum  ex¬ 
tent  of  ice  observed  on  an  image  this  winter. 
Ice  last  observed  covered  31  %  of  the  Alleghe¬ 
ny  on  16  January  (Table  4). 


1980-81 

Ice  on  the  Allegheny  River  was  observed 
once  on  a  Landsat  image  on  28  December 
when  78%  of  the  river  was  covered  with  a 
mixture  of  grey  ice  and  white  ice  (Table  4, 
Fig.  B7a).  Only  8%  of  the  Monongahela  had 
grey  ice  on  this  date  (Table  5,  Fig.  B7b).  Grey 
ice  covered  43%  of  the  Monongahela  on  5 
January  at  the  maximum  extent  of  ice  ob¬ 
served  and  was  not  seen  on  a  Landsat  image 
after  that  date. 


1981-82 

The  only  ice  observed  on  an  image  was 
grey  and  covered  1%  of  the  Monongahela 
River  (Table  5)  all  on  the  Morgantown  Lock 
and  Dam  pool  (Fig.  B8  and  D8). 


1982-83 

Ice  was  observed  with  Landsat  images 
only  on  the  Allegheny  River.  Grey  ice  cov¬ 
ered  30%  of  the  river  on  19  January  (Table  4) 
and  was  most  extensive  upstream  of  Lock 
and  Dam  7  (Fig.  B9  and  D9). 


1983-84 

During  this  winter,  low-altitude  aerial 
observations  and  photographs  of  the  lower  7 
miles  of  the  Allegheny  and  for  portions  of  the 
lower  61  miles  of  the  Monongahela  Rivers 
were  acquired  on  29  December;  5,  13,  20  and 
26  January;  and  8  February.  Maps  of  ice  dis¬ 
tributions  were  prepared  from  these  aerial 
data  (Gatto  and  Daly  1986).  The  following 
discussion  summarizes  these  ice  distribu¬ 
tions  and  the  ice  conditions  observed  on 
Landsat  images. 

The  first  observation  made  was  from  an 
aircraft  on  29  December  (Tables  4  and  5) 
when  solid  ice  with  some  open  areas  covered 
most  of  the  lower  7  miles  of  the  Allegheny 
(Tables  4  and  6)  and  ice  floes  or  frazil  slush 
and  pans  covered  most  of  the  lower  7  miles  of 
the  Monongahela  (Tables  5  and  6).  By  5  Jan¬ 
uary  a  navigation  track  filled  with  floes, 
slush  and  pans  was  apparent  in  the  solid  and 
fragmented  ice  on  the  Allegheny.  The 
amount  of  open  water  was  about  the  same 
(Table  6).  The  lower  7  miles  of  the  Monong¬ 
ahela  were  open.  On  13  January  most  of  the  7 
miles  of  the  Allegheny  and  40  miles  of  the 
Monongahela  were  covered  with  floes,  slush 
and  pans.  No  other  type  of  ice  was  apparent. 


m 


m 


Table  6.  Summary  of  predominant  ice  conditions  as  observed  from  an  aircraft,  1983- 
84  (from  Gatto  and  Daly  1986).  Ice  conditions  listed  in  decreasing  order  of  areal  coverage 
as  estimated  from  maps  made  from  aerial  observations,  photographs  and  a  videotape. 


Dates 

Allegheny  River 
Emswortk  Pool 

Monongahela  River 

Emsworth 

Pool 

L&D  2  Pool  L&D  3  Pool 

L&D  4  Pool 

29  December  1983 

3,2,1 

6,1 

_ 

5  January  1984 

6,3,24,5 

1 

- 

- 

13  January  1984 

\1 

6,1 

64 

6,1 

- 

20  January  1984 

3,5,1 

6 

6 

6,5 

3, 6, 2, 5,1 

26  January  1984 

1 

6 

6 

6,5 

- 

8  February  1984 

6,1 

1 

1 

1 

1- Open  water. 

2- Solid  ice  cover. 

3- Solid  ice  cover  with  open-water  areas. 

4- Fragmented  ice  cover. 

5- Fragmented  ice  cover  with  open- water  areas. 

6- Ice  floes  or  frazil  slush  and  pans. 

See  Table  3  for  descriptions. 


No  usable  Landsat  images  were  available 
for  December  and  the  first  half  of  January. 

Floes,  slush  and  pans  still  covered  the 
lower  7  miles  of  the  Allegheny  on  20  Jan¬ 
uary,  but  fragmented  ice  and  some  open  ar¬ 
eas  were  also  present.  The  Monongahela 
from  Pittsburgh  to  Lock  and  Dam  3  was  cov¬ 
ered  with  floes,  slush  and  pans.  Upstream  of 
Lock  and  Dam  3  to  Lock  and  Dam  4,  frag¬ 
mented  ice  was  also  present.  Above  Lock  and 
Dam  4  to  Maxwell  Lock  and  Dam,  solid  ice 
and  fragmented  ice  with  some  open  areas 
were  present  with  the  floes,  slush  and  pans 
(Table  6). 

The  maximum  ice  extent  observed  on  a 
Landsat  image  was  seen  on  22  January  when 
grey  ice  and  white  ice  covered  all  of  the  Al¬ 
legheny  and  Monongahela  Rivers  (Fig.  6 
and  DIO).  The  distribution  of  grey  ice  and 
white  ice  on  the  Allegheny  (Fig.  BlOa)  and 
on  the  Monongahela  (Fig.  B10b)  observed  on 
the  22  January  Landsat  image  generally 
compares  well  with  that  mapped  from  air¬ 
craft  data  acquired  2  days  earlier  on  20  Jan¬ 
uary  1984  (Table  6,  Fig.  7).  Generally,  where 
solid  ice  and  fragmented  ice,  some  with  open 
water  areas,  were  observed  from  an  aircraft, 
white  was  mapped  from  Landsat;  where  ice 
floes  or  frazil  slush  and  pans  were  seen  from 
the  aircraft,  grey  was  mapped  from  Landsat. 


On  26  January,  aircraft  observations 
showed  that  the  lower  7  miles  of  the  Alleghe¬ 
ny  were  open,  while  floes,  slush  and  pans 
were  present  on  most  of  the  lower  32  miles  of 
the  Monongahela.  Floes,  slush  and  pans 
covered  most  of  the  lower  Allegheny  on  8 
February,  while  the  lower  43  miles  of  the 
Monongahela  were  ice  free. 

The  last  ice  observed  with  Landsat  images 
(Fig.  4  and  5)  was  grey  ice  and  white  ice, 
covering  69%  of  the  Allegheny  and  6%  of  the 
Monongahela  on  12  March  1984  (Tables  4 
and  5). 

1984-85 

During  this  winter  videotapes  of  ice  con¬ 
ditions  along  portions  of  the  lower  69  miles  of 
the  Allegheny  River  and  the  lower  66  miles 
of  the  Monongahela  were  taken  19  times 
from  23  January  to  10  March.  The  results  of 
the  analysis  of  these  tapes  are  given  in  Gatto 
et  al.  (1986)  and  are  summarized  here  along 
with  Landsat  image  data. 

The  first  ice  as  observed  with  Landsat  im¬ 
ages  was  grey  and  white  and  covered  79%  of 
the  Allegheny  and  6%  of  the  Monongahela  on 
16  January  (Tables  4  and  5;  Fig.  Bll).  The 
ice  cover  on  the  Allegheny  on  this  date  was 
also  at  its  maximum  extent  as  observed  on 
Landsat  images  (Fig.  6a).  The  maximum 


ice  extent  on  the  Monongahela  was  recorded 
on  videotapes  on  4  February  when  42%  of  the 
river  was  ice-covered.  The  last  ice  observed 
on  the  rivers  was  also  recorded  on  videotapes 
taken  on  24  February.  Analysis  of  the  tapes 
showed  that  0.1%  of  the  Allegheny  and  0.3% 
of  the  Monongahela  had  ice.  Ice  distributions 
from  Landsat  and  videotapes  could  not  be 
compared  this  winter  because  they  were  not 
taken  at  the  same  time  or  within  a  few  days 
of  one  another. 


SUMMARY  AND  CONCLUSIONS 

Air  temperatures  during  the  winters  when 
ice  was  not  observed  on  Landsat  images  did 
not  remain  below  freezing  sufficiently  long 
to  cause  a  significant  amount  of  ice  to  form. 
Discharge  during  the  winters  when  no  ice 
was  apparent  was  also  high  during,  or  had 
peaks  in,  December,  January  and  February. 
Such  high  discharge  would  tend  to  break  up 
ice  and  flush  it  downstream,  thus  prohibiting 
ice  buildup  so  that  it  would  not  become  visible 
on  Landsat  images. 

Ice  was  observed  on  the  Allegheny  River 
on  Landsat  images  during  10  of  the  13  win¬ 
ters  from  1972  to  1985  (Fig.  6a).  The  most  se¬ 
vere  ice  conditions  were  observed  on  the  Al¬ 
legheny  in  1976-77  when  all  of  the  river  had 
some  ice  cover  and  89%  of  it  was  covered  with 
white  ice.  During  the  remaining  9  winters, 
ice  was  observed  on  all  of  the  river  three 
times  but  white  ice  was  not  as  extensive  as  in 
1976-77.  Ice  was  observed  on  the  Mononga¬ 
hela  River  with  Landsat  images  during  7 


winters  (Fig.  6b).  The  maximum  extent  of 
ice  observed  was  100%  in  1983-84,  94%  in 
1976-77  and  45%  or  less  of  the  river  during 
the  remaining  5  winters.  Ice  conditions  on 
both  rivers  changed  rapidly.  This  was  ap¬ 
parent  from  Landsat  images  and  aerial  ob¬ 
servations. 

Grey  ice,  which  most  likely  consisted  of 
floes,  pans  and  slush,  or  thin,  snow-free  ice, 
sometimes  with  many  or  large  interspersed 
open  areas,  was  observed  most  frequently  on 
Landsat  images.  White  ice,  which  probably 
consisted  of  thicker  ice  or  snow-covered  ice, 
sometimes  with  small  or  few  interspersed 
open  areas,  occurred  less  often. 

During  the  13  winters  from  1972  to  1985,  the 
ice  first  observed  on  Landsat  images  was 
generally  seen  in  late  December  or  early 
January  and  ice  last  observed  was  seen  in 
mid-  to  late-February  (Fig.  8,  Table  7).  The 
earliest  and  latest  dates  when  ice  was  ob¬ 
served  on  images  were  28  December  1980  and 
12  March  1984.  The  ice  as  observed  on  im¬ 
ages  lasted  the  longest  during  the  1983-84 
winter. 

Analysis  of  Landsat  images  provides  data 
on  general  ice  conditions,  especially  during 
harsh  winters  when  ice  is  extensive  and  im¬ 
pedes  river  navigation.  During  winters 
when  ice  is  not  extensive  and  long-lasting, 
Landsat  images  may  not  be  as  useful.  The 
images  provide  a  view  of  large  reaches  of  a 
river  on  each  scene  at  a  reasonable  cost.  In 
addition,  for  many  rivers  in  cold  regions, 
Landsat  images  may  be  the  only  source  of 
data  on  ice  conditions. 


Table  7.  Dates  ice  was  first  and  last  observed  on  Landsat  images. 

1972-73  1973-74  1974-75  1975-76  1976-77  1977-78  1978-79  1979-80  1980-81  1981-82  1982-83  1983-84  1984-85 


Allegheny  River 

11  Jan  25  Jan  —  06  Jan  31  Dec  12  Jan  29  Dec  —  28  Dec  —  19  Jan  29  Dec  16  Jan 

17  Feb  —  —  23  Jan  22  Peb  31  Jan  16Jan  —  —  —  —  12Mar*  24Feb** 


Monongahela  River 


11  Jan  — 
17  Feb  — 


—  31  Dec  12  Jan  — 

—  22  Feb  31  Jan  — 


28  Dec  27  Jan  —  29  Dec  16  Jan 

05  Jan  —  —  12  Mar*  24  Feb** 


*Baaed  on  aerial  and  Landsat  observations 

**Based  on  videotape  and  Landsat  observations 
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Figure  8.  Times  of  first  and  last  ice  as  observed  on  Landsat  images 
and  videotapes,  and  from  aerial  observations. 
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APPENDIX  A:  LANDSAT  IMAGES  ANALYZED 


River  pools  to  the  end  of  the  navigation  channel 

Approximate 

Pool  no./  Pool  start  and  stop  points  surface  area 
length  (mi)  (river  miles)  (ft2xl06) 


Allegheny  River 


River 

mile  72 

to  L&Dt  9(62.2) 

L&D 

9 

to 

L&D 

8  (52.6) 

L&D 

8 

to 

L&D 

7(45.7) 

LAD 

7 

to 

L&D 

6(36.3) 

L&D 

6 

to 

L&D 

5(30.4) 

L&D 

5 

to 

L&D 

4(24.2) 

L&D 

4 

to 

L&D 

3(14.5) 

L&D 

3 

to 

L&D 

2(6.7) 

L&D 

2 

to 

Pittsburgh  Point(O) 

Monongahela  River 

1/13.3 

River  mile  128,7  to  Opekiska 
L&D  (115.4) 

2/7.4 

Opekiska  L&D  to  Hildebrand 

L&D  (108) 

3/6.0 

Hildebrand  L&D  to  Morgantown 
L&D  (102) 

4/11.2 

Morgantown  L&D  to  L&D  8(90.8) 

5/5.8 

L&D  8  to  UD  7(85) 

6/23.8 

L&D  7  to  Maxwell  UD  (61.2) 

7/19.7 

Maxwell  UD  to  UD  4(41.5) 

8/17.7 

L&D  4  to  UD  3(23.8) 

9/12.6 

L&D  3  to  L&D  2(11.2) 

10/11.2 

L&D  2  to  Pittsburgh  Point  (0) 

*  When  the  water  level  is  at  normal  pool  elevation 
tL&D  means  lock  and  dam. 


>4 


fel 


Allegheny  River 

Allegheny  River  Pools 
Dates  123456789 

1972-73  (6  dates) 

18  Nov  X  X  X  X  X  X  X  X  X 


7  Dec 


X  X  X  X  X  X 


llJan  X  X  X  X  X  X  X  X  X 


12  Jan 


X  X  X  X  X  X 


17  Feb  X  X  X  X  X  X  X  X  X 

24  Mar  XXXXXXXXX 

1973-74  (4  dates) 

1  Dec  XXXXXXXXX 

2  Dec  XXXXXXXXX 

25  Jan  X  X  X  X  X  X  X  X  X 

20  Mar  X  X  X  X  X  X  X  X  X 


1974- 75  (3  dates) 

27  Nov  X.  X  X  X  X  X 

2  Jan  XX  XXXXX 

23  Mar  X  X  X  X  X  X  X  X  X 

1975- 76  (9  dates) 

6  Jan  XXXXXXXXX 
23  Jan  X  X  X 


10  Feb 


X  X  X  X  X  X 


19  Feb  X  X  X  X  X  X  X  X  X 

28  Feb  X  X  X  X  X  X  X  X  X 

29  Feb  X  X  X  X  X  X 

8  Mar  XXXXXXXXX 

9  Mar  X 

26  Mar  X  X  X  X  X  X  X  X  X 

1976-77  (12  dates) 

13  Dec  XXXXXXX 

30  Dec  X  X  X  X  X  X  X  X  X 

31  Dec  X  X  X  X  X  X  X  X  X 

17  Jan  X  X  X  X  X  X  X  X  X 

18  Jan  X  X  X  X  X  X  X  X  X 


5  Feb 

11  Feb  X  X 


X  X  X  X  X  X 

X  X  X  X  X  X 


22  Feb  X  X  X  X  X  X  X  X  X 

23  Feb  X  X  X  X  X  X  X  X 

12  Mar  X 

13  Mar  X  X 

30  Mar  XXXXXXXXX 


Allegheny  River  Pools 
Dates  123456789 

1977- 78  (5  dates) 

1  Nov  X 

7  Dec  XXXXXXXXX 

8  Dec  X  X  X  X  X 

12  Jan  XXXXXXXXX 
31  Jan  XXXXXXX 

1978- 79  (4  dates) 

5  Nov  X  X  X  X 

11  Dec  XXXXXXXXX 

29  Dec  X  X  X  X  X  X  X  X  X 

16  Jan  XXXXXXXXX 

1979- 80  (3  dates) 

18  Nov  XXXXXXXXX 

19  Nov  X  X  X  X  X  X  X  X  X 

12  Jan  XXXXXXXXX 

1980- 81  (5  dates) 

22  Nov  X  X  X  X  X  X 

30  Nov  X 

27  Dec  XXXXXXXXX 

28  Dec  X  X  X  X  X  X  X  X  X 

28  Mar  X  X  X  X  X  X 

1981- 82  (5  dates) 

25  Nov  X  X  X  X  X  X  X  X  X 


10  Jan 


X  X  X  X  X  X 


27  Jan  XXXXXXXXX 


X  X  X  X  X  X 
XXXXXXXX 

1982-83  (4  dates) 


28  Jan 
l  Apr 


8  Dec  XX 

18  Dec  XXXXXXXXX 

19  Jan  X  X  X  X  X  X  X  X  X 

27  Feb  X  X 

1983-84  (5  dates) 


26  Nov  X  X 

22  Jan  X  X  X  X  X  X  X  X  X 
10  Mar  XXXXXXXXX 
12  Mar  XXXXXXXXX 


2  Apr 


1984-85  (2  dates) 


7  Jan  X 

16  Jan  X  X  X  X  X  X  X  X  X 


IS® 


iy 

Bill 


Monongahela  River 


Monongahela  River  Pools 


Dates 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1972- 

■73 

(6 

dates) 

18 

Nov 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

7 

Dec 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

11 

Jan 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

12 

Jan 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

17 

Feb 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

24 

Mar 

X 

X 

X 

X 

X 

X 

X 

X 

1973- 

■74 

(4 

dates) 

1 

Dec 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2 

Dec 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

25 

Jan 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

20 

Mar 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1974- 

■75 

(3 

dates) 

27 

Nov 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2 

Jan 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

23 

Mar 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1975- 

■76 

(7 

dates) 

6 

Jan 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10 

Feb 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

19 

Feb 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

28 

Feb 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

29 

Feb 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

8 

Mar 

X 

X 

X 

X 

X 

X 

X 

26 

Mar 

X 

X 

X 

X 

X 

X 

X 

1976- 

■77 

(10  dates) 

13 

Dec 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

30 

Dec 

X 

X 

X 

X 

X 

X 

X 

31 

Dec 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

17 

Jan 

X 

X 

X 

X 

X 

X 

X 

18 

Jan 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

5 

Feb 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

11 

Feb 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

22 

Feb 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

23 

Feb 

X 

X 

X 

X 

X 

X 

X 

X 

X 

30 

Mar 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Monongahela  River  Pools 
Dates  123456789  10 

1977- 78  (4  dates) 

20  Nov  X  X  X  X  X  X 

7  Dec  X  X  X  X  X 

12  Jan  XXXXXXXXX  X 

3 1  Jan  XXXXXXXXX  X 

1978- 79  (3  dates) 

11  Dec  XXXXXXXXX  X 

29  Dec  X  X  X  X  X 

16  Jan  XXXXXXXXX  X 

1979- 80  (3  dates) 

18  Nov  XXXXXXXXX  X 

19  Nov  XXXXXXXXX  X 

12  Jan  XXXXXXXXX  X 

1980- 81  (6  dates) 

22  Nov  XXXXXXXXX  X 

30  Nov  X  X  X  X  X  X  X  X 

27  Dec  X  X  X  X  X  X  X  X  X 

28  Dec  XXXXXXXXX  X 

5  Jan  XXXXXXXX 

28  Mar  XXXXXXXXX  X 

1981- 82  (5  dates) 

25  Nov  X  X 

10  Jan  XXXXXXXXX  X 

27  Jan  XXXXXXXXX  X 

28  Jan  XXXXXXXXX  X 

1  Apr  XXXXXXXXX  X 

1982- 83  (4  dates) 

8  Dec  XXXXXXX 

18  Dec  XXXXXXXXX  X 

19  Jan  XXXXXXXXX  X 

27  Feb  X 

1983- 84  (5  dates) 

26  Nov  X 

22  Jan  XXXXXXXXX  X 

10  Mar  XXXXXXXXX  X 

12  Mar  XXXXXXXXX  X 

2  Apr  X 

1984- 85  (3  dates) 

7  Jan  X 

16  Jan  XXXXXXXXX  X 

5  Mar  XXX 


:y 

n 


i4 


% 
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APPENDIX  B:  ICE  DISTRIBUTIONS  AS  OBSERVED  ON  LANDSAT  IMAGES 


Only  those  reaches  of  the  rivers  where  Landsat  showed  ice  are  presented.  Some  of  the 
maps  have  a  CC  or  NOI  at  the  end  of  the  line  showing  the  areal  extent  of  ice  on  a  pool.  The 
CC  means  the  rest  of  the  pool  was  cloud-covered  (e.g.,  Fig.  Bib).  The  NOI  means  the  rest 
of  the  pool  was  not  on  the  image  (e.g.,  Fig.  B4b).  On  all  maps,  a  dashed  line  denotes  grey 
ice  and  a  solid  line,  white  ice. 
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a.  Allegheny  River. 


Figure  Bl.  1972-73  winter. 
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Figure  B8.  1981-82  winter,  Mononga- 
hela  River. 


Figure  B9.  1982-83  winter,  Allegheny  River. 
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Figure  B1 1.  1984-85  winter. 


APPENDIX  C:  OPEN  WATER,  GREY  ICE  AND  WHITE  ICE 
Emsworth  Pool  begins  at  Pittsburgh  Point  in  this  appendix. 


Allegheny  River 


Pool:  UO  9 


Rl  var:  A I  laghany 


Surface  Araa  (ft4  *  10°)  *s  38.81  (aatlaatad) 
Length  (■():  9.S3 


langth  Vta  Langth  Araa  Langth  Araa 

(■I)  (ft^lO6)  Parcant  (at)  (ft^lQ6)  Parcant  <■!)  (ft^lO6)  Parcant  Raaarkt 


1972-73 

18  Nov  72 

If  Jan  73 

3.3 

13.08 

33.7 

6.3 

25.73 

66.3 

cc 

17  Fab  73 
24  ter  73 

9.8 

• 

100 

9.8 

a 

100 

1973-74 

1  Oac  73 

2  Oac  73 

».e 

• 

100 

cc 

25  Jan  74 

20  ter  74 

9.8 

V 

too 

3 

1 1.88 

30.6 

6.8  ml  -CC 

1974-73 

27  Nov  74 

9.8 

• 

100 

PC 

2  Jan  75 

9.B 

* 

100 

23  ter  75 

9.8 

« 

100 

1975-76 

6  Jan  76 

23  Jan  76 

9.8 

a 

too 

CC 

19  Fbb  76 

CC 

28  Fab  76 

CC 

8  ter  76 

CC 

9  Mar  76 

26  ter  76 

9.8 

a 

100 

CC 

1976-77 

30  Oac  76 

31  Oac  76 

9.8 

a 

100 

CC 

17  Jan  77 

9.8 

a 

100 

18  Jan  77 

9.8 

a 

100 

1 1  Fab  77 

9.8 

a 

100 

22  Fab  77 

9.8 

a 

100 

23  Fab  77 

12  ter  77 

13  ter  77 

9.8 

• 

100 

9.8 

a 

100 

CC 

30  ter  77 

9.8 

• 

100 

PC 

River:  Allegheny 
43.09  (estlaated) 


Pool:  L/D8 

Surface  Area  (ft2  x  106)*: 
length  (Hi )  :  9.6 


OP  EH 


GREY  ICE 


XHITE  ICE 


Length  A rea  Length  Area  length  Area 

Data _ (pi)  (ft^xtO^)  Percent  (al>  (ft^xtO^  Parent  (ml)  (ft^lO6?  Parent  Reaarfca2 


1972-73 

10  Mov  72 

11  Jan  73 
17  Fab  73 

24  Mr  73  9.6 


100 


CC 

0.4  1.81  4.2  9.2  41.28  93.0 

2.2  9.87  22.9  7.4  33.22  77.1 


1973-74 


1  Dae  73 

2  Dae  73 

9.6 

• 

100 

CC 

25  Jan  74 

20  Mr  74 

9.6 

• 

100 

CC 

1974-75 

2  Jan  75 

2 

8.96 

20.8 

low.  7.6  al-N0l 

23  Mr  75 

9.6 

• 

100 

1973-76 
6  Jan  76 
23  J an  76 
19  Fab  76 
28  Fab  76 
8  Mr  76 


26  Mr  76 

1976-77 

30  Dae  76 

9.6 

• 

100 

31  Dae  76 

17  Jan  77 

18  Jan  77 

1 1  Fab  77 

22  Fab  77 

23  Fab  77 

1.2 

5.39 

12. 

13  Mr  77 

4.8 

21.55 

50 

30  Mar  77 

1977-70 

7  Oac  77 

9.6 

• 

100 

8  Dae  77 

9.6 

a 

100 

1 i  Jan  70 

9.6 

• 

100 

1978-79 

5  Mov  78 

1  1  Dae  78 

29  Dae  78 

16  Jan  79 

9.6 

a 

100 

1979-80 

18  Nov  79 

9.6 

• 

100 

19  Mov  79 

9.6 

• 

100 

12  Jan  80 

1980-81 

27  Oac  80 

28  Dae  80 

9.6 

« 

100 

1981-82 

25  Nov  81 

27  Jtn  82 

9.6 

• 

100 

1  Apr  82 

9.6 

• 

100 

9.6 


1.2  5.39 


2.4  10.78 


9.6 


100 


U.5 


23 


100 


5.9  26.50  61.5  3.7  al-CC 

CC 

CC 

CC 


7.2 

52.52 

75 

CC 

7.2 

52.52 

75 

2.4  al -CC 

9.6 

V 

100 

2 

8.96 

20.8 

7.6  ml-NOI 

7.2 

52.52 

75 

4.2 

18.87 

45.8 

5.4  al  -HOI 

4.8  al-NOI 

CC 


RBV 

CC 

RBV 

CC 


RBV 

RBV 


CC 

9.6  •  100 


RBV 

CQ 

RBV 


39 


OPEN 

GREY  ICE 

WHITE  ICE 

Length 

(ml) 

Area 

(tt^io6)  Pvc+it 

Length 

(ml) 

Vaa 

(tt^lO6)  Parcant 

Langth  Area 

(ml)  (ft^xio6)  Parcant  Remarks4 

18  Dec  82 

19  Jan  85 

1985-84 


22  Jan  84 
10  Mar  84 
12  Mar  84 


Surface  areas  of  soma  pools  were  measured  on  Corps  of  Engineers  navigation  charts  (1:24000)  with  a  Los  Angelas 
Scientific  instruments  Co.  digital  component  I ng  polar  pi  animator.  Those  araas  not  maasurad  wara  astlmatau  by  maasur 
Ing  the  width  of  tha  river  ovary  mfla  on  tha  Corps  charts,  calculating  an  avaraga  width  par  pool,  than  multiplying 
tha  avaraga  width  by  tha  pool  langth  to  gat  tha  area. 

lumbers  In  alias;  CC.  c  loud -covered;  PC.  partly  cloudy;  NOI.  not  on  Imago;  TM.  Thematic  Mapper;  R  9f ,  Return  Beam 
Vldlcon;  KT,  navigation  tracK  visible. 

"Area  equals  entire  area  of  pool. 


1972-73 

18  Hov  72 

11  Jan  73 

17  Fab  73 

6.9 

• 

too 

24  tor  73 

6.9 

• 

100 

1973-74 

1  Oac  73 

2  Oac  73 

6.9 

• 

100 

25  Jan  74 

20  Msr  74 

6.9 

• 

100 

1974-75 

23  Mar  75 

6.9 

• 

100 

1975-76 
6  Jan  76 
23  Jan  76 

19  Fab  76 
28  Fab  76 
8  Mar  76 


26  Mar  76 

1976-77 

13  Oac  76 

30  Oac  76 

6.9 

• 

100 

31  Oac  76 

17  Jan  77 

18  Jan  77 

4.9 

24.57 

71.' 

22  Fab  77 

6.9 

• 

100 

30  Mar  77 

6 

30.08 

86. 

1977-78 

7  Oac  77 

2.9 

15.54 

42. 

8  Oac  77 

6,9 

• 

too 

12  Jan  78 

2.4 

12.04 

34. 

31  Jan  78 

1.5 

7.31 

21. 

1978-79 

5  Nov  78 

11  Dac  78 

29  Oac  78 

16  Jan  79 

6.9 

• 

100 

1979-80 

t8  Nov  79 

6.9 

• 

100 

19  Nov  79 

6.9 

• 

100 

12  Jan  80 

1980-81 

27  Oac  80 

6.9 

• 

100 

28  Oac  80 

3.8 

19.07 

55. 

1981-82 

25  Nov  81 

27  Jan  82 

6.9 

• 

100 

1  Apr  82 

6.9 

« 

100 

4.5  22.57 


3.1  15.54 


up.  2  m I  -CC; 
4.9  mI-NOI 

CC 

CC 

CC 


,9  mI  -CC 


up.  4  m!  -CC 


up.  5.4  ml-NOf 
PC 


1 


m 

ft;! 


P] 

m 


CP  EH 


GREY  ICE 


WHITE  ICE 


Date 

Length 

(ml) 

Area 

(ft2*^ 

P«re«it 

1982-83 

18  Dec  82 

6.9 

• 

100 

19  Jan  83 

>.* 

27.10 

78,3 

1983-84 

22  Jan  84 

10  tor  84 

!.« 

9.03 

26.1 

12  Mir  84 

1.8 

9.03 

26.1 

1984-65 

16  Jan  85 

2.8 

14.04 

40.6 

Length  Vm 


Length  Atm 

( ft^xloS  Pffcwt  Remarks 


5.1  25.58  73.9  TM 


4.1  20.57  59.4  PC 


^Surface  areas  of  some  pool*  war#  measured  on  Corp*  of  Engineers  navigation  chart*  (1:24000)  with  a  Los  Angeles 
Scientific  Instruments  Co.  digital  compensating  polar  plan Imeter,  Those  areas  not  measured  were  estimated  by  measur- 
I  ng  the  width  of  the  river  every  mile  on  the  Corps  charts,  calculating  an  average  width  per  pool,  then  multiplying 
the  average  width  by  the  pool  length  to  get  the  area. 

dumber*  in  ml  les;  CC ,  c  loud -covered;  PC,  partly  cloudy;  NOI,  not  on  Image;  TM,  Thematic  Mapper*  ROW,  Return  Beam 
Vldlcon;  NT,  navigation  track  visible. 

"Area  equals  entire  area  of  pool. 


VlVlVlU 


LriJ'i.t'kUiWJi 


Pool:  I/O  6  Rlvar:  AllagAany 

Surfaca  Iru  (ft2  x  106)1:  47.13  (aatlmatad) 

length  (*l):  9.4 


langth  Atm  langth  Vaa  langth  Area 

(Mi)  (ftjxIjA  Prewt  (m>)  (ft^cIO^)  Parent  (mI)  (ft^io**)  Parcant  Remark*2 


1972*73 
18  Nov  72 
7  Oac  72 
I  1  Jan  73 
12  Jan  73 


7.4  37.11  78.7 


1976-77 
13  Dae  76 

30  Dae  76 

31  Oac  76 

17  Jan  77 

18  Jan  77 
5  Fab  77 

11  Fbb  77 

22  Fab  77 

23  Fab  77 
30  Mar  77 


0.7  3.49  7.4  8.7  43.66  92.6 


CC 

up.  2  ml -HOI 


up.  2  ml -*01; 
loa.  7.4  ml-CC 


17  Fab  73 

2.7 

13.53 

28.7  6.7  33.62 

71.3 

24  Mar  73 

9.4 

• 

too 

1973-74 

1  Dae  73 

CC 

2  Oac  73 

9.4 

• 

100 

23  Jan  74 

CC 

20  Mr  74 

9.4 

• 

100 

1974-73 

23  Mr  75 

9.4 

• 

too 

1973-76 

6  Jan  76 

9.4  • 

1 00 

10  Fab  76 

up.  4.4  ml-HOl 

Iqm.  5  ml-CC 

19  Fab  76 

6 

30.08 

63.8 

up.  3,4  ml -PC 

28  Fab  76 

CC 

29  Fab  76 

a 

40.12 

85.1 

up.  1.4  ml-N0l 

8  Mar  76 

CC 

26  Mr  76 

9.4 

• 

100 

1.7  8.53 


3  23.08 

4.7  23.38 


4.4  22.07 


« 

7  Oac  77 

9.4 

• 

100 

8  Dae  77 

1 

5.00 

10.6 

f 

1 

12  Jan  78 

h 

31  Jan  78 

1.2 

6.04 

12.8 

1 

! 

1978-79 

1 

5  Hov  78 

4.7 

23.58 

50 

11  Oac  78 

29  Dae  78 

16  Jan  79 

1979-80 

18  Nov  79 

9.4 

• 

100 

19  Nov  79 

9.4 

• 

100 

12  Jan  80 

9.4 

• 

100 

3  ml-CC;  6.4  ml  - 
HOI 

34.0  6.2  ml -HOI 

4.7  ml-HOl 
CC 


lea*  8.4  ml -CC 
87.2  PC 


low.  4.7  ml-NOI; 
RW 
CC 
R0V 

CC 


i 


KK 

IS* 

If 

$! 

IJ'H* 

?! to 

1 

i 

t»\ 

m 

% 

vv«! 


w. 


OPEN 

GREY  ICE 

bHITE  ICE 

Date 

Length 

(ml) 

Area 

(tt^lO6) 

Percent 

L.ngfK  Ar.« 

(■1)  (tt^lO6) 

PM-ewit 

Length 

(ml) 

Area 

(ft^lO6) 

Percent 

2 

Remarks 

1980-01 

22  Nov  80 

7.9 

39.61 

84.0 

up.  1.5  ml -4401 

27  Oec  80 

28  Oec  80 

.5 

2.50 

5.3 

8.9  44,65 

94.7 

CC 

28  mr  81 

7.9 

39.61 

84.0 

up.  1.5  nl-NOI 

1981-82 

29  Nov  81 

9.4 

• 

100 

RBV 

10  Jan  82 

law.  8.4  ml  -CC; 

up.  1  *1  -NO  1 

27  Jan  82 

CC 

26  Jan  42 

low.  5.4  ml  -CC; 

up.  4  mi  -NO  1 

1  Apr  82 

9.4 

• 

100 

RBV 

1982-83 

18  Dec  82 

9.4 

• 

100 

19  Jan  83 

9.4 

• 

100 

TM 

1983-84 

22  Jan  84 

10  Mar  84 

9.4 

• 

100 

9.4 

• 

100 

12  Mar  84 

1.2 

6.04 

12.8 

8.2  41.11 

87.2 

TM 

1984-83 

16  Jan  85 

1.5 

7.52 

16.0 

7.9 

39.63 

84.0 

PC 

*  Surface  areas  of  some  pools  were  Measured  on  Corps  of  Engineers  navigation  charts  (1:24000)  with  a  Los  Angeles 
Scientific  Instruments  Co.  digital  coapensatlng  polar  planlmeter.  Those  areas  not  Measured  ware  estimated  by  measure 
Ing  the  width  of  the  river  every  mile  on  the  Cbrps  charts.  Calculating  an  average  width  per  pool,  then  multiplying 
the  average  width  by  the  pool  length  to  get  the  erea. 

lumbers  In  miles;  CC,  c  1  oud -cover ed ;  PC,  partly  cloudy;  N0|f  not  on  Image;  W,  Thematic  »%pper;  RBV,  Return  Beam 
Vldlcon;  NT,  navigation  track  visible, 

•Area  equals  entire  area  of  pool. 


44 


i.*  M.M  1.1 


I'lJ'U  U 


1961-82 
25  MOV  81 
10  Jan  62 

27  Jan  82 

28  Jan  82 
1  Apr  82 


_ OPEN _  _ GREY  ICE  _  _ WHITE  ICE _ 

Langth  Araa  Langth  Araa  Langth  vaa 

CO  (ft2*  IQ6)  Parcant  (an  (ft^lO6)  Parcant  CD  (ft^cIO6)  Parcant 


5.9  #  !00 


1982-03 

18  Dac  82 

5.9 

• 

100 

19  Jan  83 

5.9 

» 

100 

1983-84 

22  Jan  64 

10  Iter  84 

5.9 

• 

100 

12  Mar  84 

0.8 

3.39 

13.6 

5.1 

21.53 

86.4 

1984-85 

16  Jan  85 

0.8 

3.38 

1 3.6 

5.1 

21.54 

86.4 

‘Surfaca  araas  of  soma  pools  vara  maasurad  on  Corps  of  Engfnaars  navigation  charts  (1:24000)  with  a  Los  Angalas 
Sc  I  anti  f  ic  instrunant*  Co.  digital  coapansatlng  polar  planlaatar.  T^osa  araas  not  aaasurad  «ara  astlaatad  by  aaasur 
I ng  th#  width  of  t h#  rlvar  avary  alia  on  tha  Corps  charts,  calculating  an  avaraga  width  par  pool,  than  multiplying 
tha  avaraga  width  by  tha  pool  langth  to  gat  tha  araa. 

Dunbars  In  alias;  CC,  cloud-coracod ;  PC,  partly  cloudy;  HOI,  not  on  I  mag  a;  TM,  ^hamatlc  Mbppar;  R8V,  Rat urn  Baam 
Vldtcon;  NT.  navigation  track  visibly 

•Araa  aquals  antlra  araa  of  pool. 


s 

m 


wV 

$ 
% 


I# 

m 


Pool:  L/D  4  Rl  var:  Alloghony 

Surf»c»  Art*  (ft*  x  I06)1:  31.10  (Mtlwftd) 

(ml):  6.2 

_  Ogfll _  _ GREY  ICE _  _ WITE  ICE _ 

Langtft  Ar»i  Ltnjtn  Art*  Itnjtfi  Ar«« 

Cl)  (ftxlO6)  Pfcut  Cl)  (ft^l0°)  P«rc«nt  Cl)  (ftSlO6)  Pycwt 


m 

IS? 

K«;. 


1972- 73 
18  Nov  72 

7  Dac  7? 

11  Jan  73 

12  Jan  73 
17  Fab  73 
24  tor  73 

1973- 74 

1  Dac  73 

2  Dac  73 
23  Jan  74 
20  Mar  74 


1974-73 

27  Nov  74 

2  Jan  75 
23  Mar  73 

1973-76 

6  Jan  76 

10  Fab  76 
19  Fab  76 

28  Fab  76 

29  Fab  76 
8  Iter  76 

26  Mar  76 

1976- 77 
13  Dac  76 

30  Oac  76 

31  Dac  76 

17  Jan  77 

18  Jan  77 

3  Fab  77 

11  Fab  77 

22  Fab  77 

23  Fab  77 

30  Mir  77 

1977- 78 

7  Dac  77 

12  Jan  78 

31  Jan  78 

1978- 79 
It  Oac  78 
29  Dac  78 
16  Jan  79 

1979- 60 

18  Nov  79 

19  Nov  79 
12  Jan  80 

1980- 81 
22  Nov  80 

27  Oac  80 

28  Dac  80 
28  Mar  81 


3.2  16.03 

6.2  * 


2.4  12.04  38.7 


up.  4  al-CC 
R8V 


viw;/'' 


Rlvor:  Atloghony 
36.34  (Mtlntid) 


Doto 

Longfh 

toll 

Aroo 

(ft2)*  106) 

Porcont 

1972-73 

18  Nov  72 

7  Doc  72 

4 

23.21 

41.2 

11  Jon  73 

12  Jan  73 

17  Fob  73 

2.7 

15.66 

27.8 

24  Nor  73 

9.7 

« 

100 

1973-74 

1  Ooc  73 

2  Ooc  73 

9.7 

• 

too 

25  Jon  74 

9.7 

• 

100 

20  Iter  74 

9.7 

• 

100 

1974-75 

27  Nov  74 

6 

46.40 

82.5 

2  Jon  75 

9.7 

• 

100 

23  Iter  75 

1973-76 

6  Jon  76 

10  Fob  76 

19  Fob  76 

9.7 

• 

100 

28  Fob  76 

29  Fob  76 

9.7 

• 

too 

8  Nor  76 

26  Iter  76 

9.7 

• 

too 

1976-77 

13  Dk  76 

9.7 

• 

100 

Pool:  L/0  3 
Surfoco  Atm  (ft2  x  1 

Length  (ol);  9.7 

__  _ GREY  ICE 

Longth  Ar«« 


30  0#c  76 

31  Doc  76 

1 7  jan  77 

18  Jon  77 
3  Fob  77 

11  Ftb  77 

22  Fob  77 

23  Fob  77 

30  Mor  77 

1977- 78 

7  Ooc  77 

12  Jon  78 

31  Jon  78 

1978- 79 

11  Ooc  78 
29  Doc  78 
16  Jon  79 

1979- 80 

18  Nov  79 

19  Nov  79 

12  Jon  80 

1980- 81 
22  Nov  80 

27  Ooc  80 

28  Doc  80 
28  Iter  81 


3.80  10.3 


_ WHITE  ICE 

Longth  Aroo 


7  40.68  72.2 


7.9  43,86  81.4 


9.7  •  100 


CC 

loo.  5.3  ml -CC 


loo.  1.7  ol-CC 

CC 


loo.  8.7  ml -CC 
PC 


99t 

up.  1.8  ml -CC 


lAi,*(i 


Length  Atm 


Length  Are* 


Length  Aree 


1  (ft^io6)  Ptrewt  Cl)  (ft^xlO6)  Pfewit  Cl)  Pwcwit  R«— rH»2 


fiS 

& 

iO.tr 


1961-62 
25  Nov  81 
10  Jan  82 

27  Jan  82 

28  Jan  82 


1  Apr  82 

9.7 

ft 

100 

1982-83 

18  Dec  82 

9.7 

ft 

100 

19  Dec  82 

7.7 

44.73 

79.4 

1983-84 

22  Jan  84 

10  tor  84 

9.7 

* 

100 

1*9 

11.04 

19.6 

12  tor  84 

3 

17,41 

30.9 

6.7 

38.93 

69.1 

1984-85 

16  Jan  85 

1.6 

9.29 

16.5 

8.1 

47.05 

83.5 

low,  2  «I-CC;TM 


^Surface  areas  of  some  pools  were  Measured  on  Corps  of  Engineers  navigation  charts  (1:24000)  with  a  Los  Angeles 
Scientific  lnstr<jaents  Co.  digital  compensating  polar  planleeter.  Those  areas  not  Measured  were  estiaated  by  Measur¬ 
ing  the  width  of  the  river  every  Mile  on  the  Qorps  charts,  calculating  an  average  width  per  pool,  then  Multiplying 
the  average  width  by  the  pool  length  to  get  the  area. 

timbers  In  miles;  CC.  cloud-covered;  PC,  partly  cloudy;  N0l,  not  on  Image;  TM,  Thematic  topper;  RBV,  Return  Beam 
Vldlcon;  NT,  navigation  trade  visible. 

*Area  equals  entire  area  of  pool. 


i 


1 

m 


I 


i 

a 

$ 


1980-81 
22  Nov  BO 

27  Dec  80 

28  Doc  80 
28  mr  81 


Pool:  L/D  2  Rlvor:  Al  legheny 

Surf  act  Aram  (ft2*  10&>l:  43,22  (aeaeurad) 

Length  (al):  7,8 


Length  Area 
(ml)  or2).  IQ6)  Pycwt 


Length  Area 
(■I)  (ft^lp6)  Percent 


Length  Area 

(al)  (ft2*  IQ6)  Percent  Raaarfcs2 


1972-73 
J8  Nov  72 
7  Dec  72 


1  1  Jan  73 

7.8 

ft 

100 

12  Jan  73 

cc 

17  Feb  73 

3.3 

18.28 

42.3 

4.3 

24.94 

57.7 

24  mr  73 

7.8 

• 

100 

1973-74 

1  Dec  73 

cc 

2  Oec  73 

7.8 

• 

100 

29  Jan  74 

7.8 

• 

100 

20  mr  74 

7.8 

• 

100 

1974-73 

27  Nov  74 

cc 

2  Jan  75 

7.8 

• 

100 

23  Mar  75 

cc 

1975-76 

6  Jan  76 

7.8 

• 

100 

1 0  Feb  76 

cc 

19  Feb  76 

7.8 

« 

too 

28  Feb  76 

cc 

29  Feb  76 

7.8 

* 

100 

8  Mir  76 

cc 

26  mr  76 

7.8 

• 

100 

1976-77 

13  Dec  76 

3 

16.64 

38.5 

lov.  4.8  al  -CC 

30  Dec  76 

CC 

31  Dec  76 

7.8 

• 

100 

17  Jan  77 

CC 

18  Jan  77 

7.8 

• 

100 

5  Feb  77 

3.7 

20.49 

47.4 

«.t 

22.73 

52.6 

1 1  Feb  77 

7.8 

• 

100 

22  Feb  77 

3.2 

17.72 

41.0 

8.6 

25.50 

59 

23  Feb  77 

1.4 

7.74 

17.9 

6.4  ml  -CC 

30  Mar  77 

CC 

1977-78 

7  Oec  77 

CC 

12  Jan  78 

7.8 

• 

100 

31  Jan  78 

7.8 

• 

100 

PC 

1978-79 

M  Dec  78 

7.8 

• 

100 

29  Dec  78 

7.8 

• 

100 

R9i 

16  Jan  79 

7.8 

• 

100 

1979-80 

18  Nov  79 

7.8 

• 

100 

RW 

19  Nov  79 

7.8 

• 

100 

12  Jan  80 

7.8 

* 

100 

RBV 

m 

! 


JWW5 


V  ^  A  »»  /*  -  > 


S558 


s&; 

1 


OPEN 


GREY  ICE 


«*ITE  ICE 


D»t. 

Length 

(ml) 

Area 

(tt^xlO6) 

Percent 

length 

(ml) 

Area 

(ft2*!*?*) 

Percent 

Length 

(ml) 

Area 

(tt^lO6) 

Percent  Remarks2 

1981-82 

25  Nov  81 

7.5 

40.45 

95.6 

up.  .5  ml-CC;R8V 

10  Jan  82 

7.8 

• 

100 

PC 

27  jan  82 

CC 

26  Jan  82 

CC 

1  Apr  82 

7.8 

• 

100 

RW 

1982-85 

8  Dec  82 

3 

16.64 

38.5 

up.  4.8  ml  -NOI  : 

RBV 

18  Dec  82 

7.8 

• 

100 

PC 

19  Jan  85 

5.8 

52.16 

74.4 

up.  2  ml-CC;TM 

27  Feb  85 

2.5 

15.87 

32.1 

up.  5.3  ml  -NOI 

1985-84 

26  Nov  85 

22  Jan  84 

2.5 

13.87 

32.1 

7.8 

• 

100 

up.  5.'  ml  -NO  1 

10  Mar  84 

7.8 

• 

100 

12  Mar  84 

7.8 

• 

100 

TM 

1984-85 

16  Jan  85 

3.6 

19.96 

46.2 

4.2 

23.25 

53.8 

^Surface  areas  of  son*  pools  were  measured  on  Corps  of  Engineers  navigation  charts  (1:240009  with  a  Los  Angalas 
Scientific  Instruments  Co.  digital  compensating  polar  planlmeter.  Those  areas  not  measured  were  estimated  by  measure 
I ng  the  width  of  the  river  every  mite  on  the  Corps  charts,  calculating  an  average  width  per  poof,  then  multiplying 
the  average  width  by  the  pool  length  to  get  the  area. 

lumbers  In  miles;  CC ,  c  loud -covered;  PC,  partly  cloudy;  NOI,  not  on  (mage;  TM,  Thematic  Mapper;  R8V,  Return  Bean 
Vldlcon;  NT,  navigation  track  visible, 

•Area  equals  entire  area  of  pool. 


52 


IL 


PnTVW  V  *-  O  ^"XT  K  A  \T  H.  V  V  V  \"*  .  A"  V  V.  V  VA' 


Pool:  Eaawrth  Rlvar;  Allegheny 

Surface  Area  (ft2  *  106)1:  55.05  (aeeaured) 

Length  (»1>:  6.7 


lengtn  Araa 
1.1)  (MAiO6)  PTCWIt 


Length  A r«« 

(.1)  (ft^xlO6)  P«rc«nt 


Length  Ar«* 

Cl)  (tAlO6)  Par  cant  R— arka2 


1972-75 

10  Nov  72 
7  Oac  72 

1 1  Jan  75 

12  Jan  75 


17  Fab  75 

3.5 

17.25 

52.2 

24  Mar  75 

6.7 

• 

100 

1973-74 

1  Dae  73 

5.5 

24.66 

74.6 

2  Oac  73 

6.7 

• 

100 

25  Jan  74 

6.7 

• 

100 

20  *ir  74 

6.7 

• 

100 

5.2  15.80  47.8 


up.  1.7  »f  -CC 


1974- 75 
27  Nov  74 

2  Jan  75 

25  Mar  75 

1975- 76 

6  Jan  76 
10  Fab  76 

19  Fab  76 

20  Fab  76 
29  Fab  76 

8  mr  76 

26  mr  76 

1976- 77 
13  Oac  76 

50  Dae  76 

51  Dae  76 

17  Jan  77 

18  Jan  77 
5  Fab  77 

1  f  Fab  77 
22  Fab  77 
25  Fab  77 
50  Mar  77 


7  Dae  77 

5.2 

25.65 

77.6 

up. 

12  Jan  78 

6.7 

a 

100 

31  Jan  78 

6.7 

a 

100 

PC 

1978-79 

tl  Dm  78 

CC 

29  Me  78 

6.7 

a 

100 

R9f 

16  J«n  79 

6.7 

a 

100 

1979-80 

18  Nov  79 

6.7 

a 

100 

RW 

19  Nov  79 

6.7 

a 

100 

1 2  J*n  80 

6.7 

a 

too 

RB¥ 

1980-81 

22  Nov  80 

6.7 

a 

100 

30  Nov  80 

6.7 

23.17 

70.1 

up. 

27  Dae  80 

CC 

26  Dae  80 

4 

19.73 

59.7 

2.7 

13.32 

40.3 

28  Mir  81 

6.7 

a 

100 

up.  1.5  al-CC 


,r 


■Onta 

langtn 

(ml) 

Area 

(ft^lO6) 

Par cant 

1981*82 

29  Nov  91 

6.7 

• 

100 

10  Jan  82 

6.7 

• 

too 

27  Jan  92 
29  Jan  92 

1  Apr  92 

6.7 

e 

100 

1982-93 

8  Dae  82 

6.7 

t 

100 

18  Dec  82 

6.7 

• 

100 

19  Jan  83 

1.9 

7.40 

22.4 

27  Fat  83 

6.7 

e 

100 

t 983-84 

26  Nov  83 

6.7 

• 

too 

22  Jan  84 

10  Mir  84 

6.7 

• 

100 

12  Mar  84 

6.7 

• 

100 

2  Apr  84 

9.7 

28.13 

85,1 

1984-85 

7  Jan  85 

16  Jan  85 

3 

14.81 

44,8 

Length  via  length  Area 

Cl)  m^xlO6)  Prcant  Cl)  (ft^acIO6)  Parent  Remarks* 


RBV 

PC 

up,  5.2  a(*CC;TN 


TM 

up,  I  ml  *440 1 


16  Jan  85  3  14,81  44,8  3.7  18.24  55,2 

^Surface  are as  of  some  pools  were  measured  on  Corps  of  Engineers  navigation  charts  (1:24000)  with  a  Los  Angeles 
Scientific  Instruments  Co.  digital  conpenset I ng  polar  planlmeter,  Those  araas  not  aaasurad  vara  estimated  by  measur¬ 
ing  the  width  of  tha  river  every  mile  on  the  Corps  charts,  calculating  an  average  width  par  pool,  than  multiplying 
the  average  width  by  tha  pool  length  to  gat  the  area, 

lumbers  In  ml  las;  CC,  c I oud -covered;  PC,  partly  cloudy;  NOI,  not  on  Image;  TM,  Thematic  Mapper;  RBV,  Return  Beam 
Vldlcon;  NT,  navigation  track  visible. 

•Area  equals  entire  area  of  pool. 


KV 

i**iw 

fo 

AS; 

W.I: 


<A  A  yVA  »  A  .  '  »N 


1  */  O*/*, 


I  "«V  ^  J  ^ 


Lb*1  **«  ■**  »»>  . 


*« . 


. *4 - kULJU',|j*.l4'  >.«  ««■ 


Monongahela  River 


Pool:  Opafclaka  Rlvar:  Monongahala 

Surfaca  Araa  (ft^jc  106)1:  31.60  (aatlaatad) 

Langth  (•!):  I3.33 


Langth  Araa  Langth  Araa  Langth  Araa 

CD  (tt^lO6)  Parcawt  (al)  (ft^xlp6)  Parcaot  (■!)  (ft^lp6)  Parcant  Raaarha2 


1972-73 
IS  Nov  72 
7  Oac  72 
I  1  Jan  73 


12  Jan  73 
17  Fab  73 


9.8  23.29 


1973-74 
1  Dac  73 


2  Oac  73 
23  Jan  74 
20  Mar  74 


1974-73 
27  Nov  74 
2  Jan  73 


1973-76 
6  Jan  76 
10  Fab  76 
19  Fab  76 

28  Fab  76 

29  Fab  76 


1976-77 
1 3  Dac  76 
31  Dac  76 
18  Jan  77 
5  Fab  77 
1 1  Fab  77 
22  Fdb  77 
30  Mar  77 


1977-78 
20  Nov  77 
12  Jan  78 


I 


4.2  9.99 


2.8  6.67 


3.3  8.31 


up.  4  al  -NO  I 


law.  12.3  al-CC; 
up.  1  ml  -4401 
CC 


low.  9.3  at  -CC; 
up.  4  ml-NOI 


up.  12.1  al  -NO  I 


CC 

100 

60.9  1  al-NOI 

low.  4  al-CC; 
up.  9.3  al<4|0l 


low.  4.1  al-CC; 
up.  9.2  al-NOI 
low,  10.3  al-CC 


mmmmm&mmmmmmmmmifmmmvmm 


OP  EX 


GRPr  tct 


Data 

Length 

(ml) 

Vea 

(tt^lO6) 

Pareaat 

Length 

(el) 

Area 

(ft^io6) 

Percent 

Itnfth  Art* 

(.1)  (ft^lO6) 

Percent 

Raaarkt2 

1978-79 

II  Oec  76 

12 

28.50 

90.2 

up.  1.3  ml -NOI 

16  Jan  79 

CC 

1979-60 

16  Nov  79 

1.2 

2.84 

9 

up.  12.1  ml-NOl 

19  Nov  79 

1 3.3 

• 

100 

12  Jan  80 

1S.J 

• 

100 

1980-81 

22  Nov  80 

13.3 

• 

100 

28  Oec  80 

5,5 

13.08 

41.4 

7.8 

18.52 

56.6 

5  Jan  61 

28  tor  81 

13.3 

• 

100 

13.3 

• 

100 

RBV 

1981-82 

10  Jan  82 

13.3 

• 

100 

PC 

27  Jan  82 

1 

2.37 

7,5 

up.  12.3  ml-NOl 

28  Jan  82 

CC 

1  Apr  82 

13.3 

• 

100 

R  W 

1982-63 

16  Dec  62 

13.3 

t 

100 

RBV 

19  Jan  63 

CC;TM 

1983-64 

22  Jon  84 

10  tor  84 

13.3 

a 

100 

13.3  • 

too 

12  tor  84 

13.3 

• 

too 

TM 

1984-85 

16  Jan  66 

7.2 

17.11 

54.1 

6.1 

14.49 

45.9 

5  — r  8S 

13.3 

* 

100 

^Surface  areas  of  soma  pools  were  measured  on  Corps  of  Engineers  navigation  charts  (1:24000)  with  a  Cos  toga  I  os 
Scientific  Instruments  Co,  digital  compensating  polar  planlmeter,  Those  areas  not  Measured  were  estimated  by  measur¬ 
ing  the  width  of  the  river  every  alia  on  the  Corps  charts,  calculating  an  average  width  per  pool,  then  multiplying 
the  average  width  by  the  pool  length  to  get  the  are* 

lumbers  In  miles;  CC,  c I oud -covered ;  PC,  partly  cloudy;  NOI,  not  on  Image;  TM,  Thematic  topper;  Rev,  Return  Beam 
Vldlcon;  NT,  navigation  track  visible, 

^Only  to  river  mite  128,7  at  the  confluence  of  the  Tygart  Valley  and  tost  Fork  Rivers, 

•Area  equals  entire  area  of  pool. 


1974-73 
27  Nov  74 
2  Jan  73 


Pool:  Hildebrand  River:  Monongahela 

Surface  Area  (ft2  x  106)1:  17.58  (eetlaeted) 


Pool:  Hildabrand 
Surfaca  Aran  (ft2  x  1 
Length  (at):  7.4 

_ GREY  ICE 


WHITE  ICE 


length  Area  length  Area  Length  Area 

(all  tft^tO6)  Percent  (al)  (tt^lQ6)  Percent  (al)  (ft^lO6)  Percent  Raaarks2 


1972-73 
18  Nov  72 
7  Dec  72 

11  Jan  73 

12  Jan  73 
17  Feb  73 


1  Dec  73 

2  Dec  73 

7.4 

• 

100 

23  Jan  74 

20  Mar  74 

7.4 

• 

100 

23  <*r  75 

1.2 

2.85 

16 

1973-76 

6  Jan  76 

7.4 

• 

100 

10  Feb  76 

7.4 

• 

100 

19  Feb  76 

7.4 

• 

100 

28  Feb  76 

7.4 

• 

100 

29  Feb  76 

7.4 

• 

100 

13  Oac  76 

31  Ok  76 

18  Jan  77 

5  Fab  77 

4.4 

10.46 

59.3 

11  Fab  77 

3.9 

9.26 

32.7 

22  Fab  77 

7.4 

* 

100 

23  Fab  77 

30  Mar  77 

7.4 

• 

100 

1977-78 

20  Nov  77 

12  Jan  78 

31  Jan  78 

2.5 

3.94 

33.8 

1978-79 

11  Dec  78 

16  Jan  79 

7.4 

a 

100 

1979-80 

18  Nov  79 

7.4 

• 

100 

19  Nov  79 

7.4 

• 

100 

12  Jan  80 

7.4 

• 

100 

1980-81 

22  Nov  80 

27  Oec  80 

7.4 

« 

100 

28  Dec  80 

5  Jan  81 

7.4 

• 

100 

28  Mar  81 

7.4 

• 

100 

CC 

cc 

up.  6.2  ml-NOl 


Ion.  4.9  al  -NO I 

CC 

CC 


VT.’vW.W.WvW.WW 


sW\vV'.V»\v\  V  ■ 


ft 

»v 

M' 


GREY  ICE 


.  WHITE  ICE 


Length  Area 

(  f t2*  TO6)  Percent 


Length  Area  Length  *»#« 

CO  (ft^io6)  Parent  (ml)  (ft^io6)  Ptrctnt 


1901-62 

10  Jan  82  7.4 

27  Jan  82  7.4 

28  Jan  82 


1  Apr  82 

7.4 

• 

100 

1902-63 

18  Dec  82 

19  Jan  83 

1983-84 

22  Jan  84 

7.4 

• 

100 

10  Mar  84 

7.4 

• 

100 

12  fer  84 

7.4 

• 

100 

1984-85 

16  Jan  85 

7.4 

• 

1 00 

5  tor  89 

7.4 

• 

100 

m\ 


i 

!»»V. 


Surface  area*  of  soma  pools  w  era  measured  on  Corps  of  Engineers  navigation  charts  (1:24000)  with  a  Los  Angelas 
Scientific  Instruments  Co.  digital  co«*ensatl ng  polar  planimeter.  Those  areas  not  measured  were  estimated  by  measur¬ 
ing  the  width  of  the  river  every  ml le  on  the  Corps  charts,  calculating  an  average  width  per  pool,  then  multiplying 
the  average  width  by  the  pool  length  to  get  the  area. 

^Numbers  In  ml  las;  CC,  c I oud -covered ;  PC.  partly  cloudy;  NOI.  not  on  Image;  TM,  Thematic  Mapper;  RBV ,  Return  Beam 
V  Id  Icon;  NT,  navigation  track  visible. 

•Area  equals  entire  area  of  pool. 


w 


1961-62 

10  Jan  82 

6 

• 

100 

PC 

27  Jan  82 

28  Jan  82 

5.1 

14.81 

85 

.9 

2.61 

15 

CC 

1  A»r  82 

6 

« 

100 

R0V 

1982-83 

18  Dec  82 

6 

• 

100 

1985-64 

22  Jen  84  6  •  100 

10  iter  64  6  *  100 

12  Mar  84  6  *  100  TN 

1984-68 

16  Jan  85  6  *  100 

5  Mar  85  6  •  100 


‘Surface  areas  of  some  pools  eere  measured  on  Corps  of  Engineers  navigation  charts  (1:24000)  elth  a  Los  Angeles 
Scientific  instrusant*  Go.  digital  coapensatlng  polar  pi  animator.  Those  araas  not  measured  vara  estimated  by  measur 
Ing  tha  eldth  of  tha  river  every  alia  on  the  Corps  charts*  calculating  an  average  eldth  per  pool,  then  multiplying 
the  average  uldth  by  the  pool  length  to  get  tha  area. 

ushers  in  miles;  CC,  cloud -covered;  PC,  partly  cloudy;  N0I,  not  on  Image;  TM,  Thematic  tapper;  R0V,  taturn  Bsam 
Vldlcon;  NT,  navigation  track  visible. 

■Are a  equals  entire  area  of  pool. 


Length  Ar»a 

(Ml)  (ft^toV 


Pool:  L/D  8 


Length  <mI ) :  1 1.2 


Length  Araa 

(Ml)  (ft^lQ6) 


1972-73 
18  Nov  72 
7  Oac  72 

11  Jan  73 

12  Jan  73 
17  Fab  73 
24  Mar  73 


1  Dac 

73 

2  Oac 

73 

11.2 

• 

too 

25  Jan 

74 

*  1.2 

• 

100 

20  Mar 

74 

11.2 

• 

100 

1974-73 
27  Nov  74 

2  Jan  75 

23  Mir  75  11.2 


6 

Jan 

76 

11.2 

• 

100 

10 

Fab 

76 

19 

Fab 

76 

11.2 

• 

100 

28 

Fab 

76 

11.2 

• 

100 

29 

Fab 

76 

11.2 

• 

100 

8 

Mar 

76 

9.8 

28.46 

87. 

26 

Mar 

76 

5.5 

15.97 

49. 

1976-77 

13 

Dac 

76 

30 

Dac 

76 

2.8 

8.13 

25 

31 

Dac 

76 

4.7 

13.66 

42 

17 

Jan 

77 

18 

Jan 

77 

5 

Fab 

77 

1  1 

Fab 

77 

1.1 

3.19 

9. 

22 

Fab 

77 

11.2 

« 

100 

23 

Fab 

77 

9.7 

28.17 

86. 

30 

frtar 

77 

1977-78 

12 

Jan 

78 

31 

Jan 

78 

1978-79 
11  Dac  78 
16  Jan  79 


18  Mov  79 

11.2 

• 

100 

19  Nov  79 

11.2 

« 

100 

12  Jan  60 

11.2 

• 

100 

1980-81 

22  Nov  80 

11.2 

« 

100 

30  Nov  80 

11.2 

• 

100 

27  Dac  80 

28  Dac  80 

11.2 

• 

100 

5  Jan  81 

28  Mar  81 

11.2 

• 

100 

Rfvar;  Monongahafa 
32.53  (ast I mb tad) 


langth  Araa 

(tt^xlO6)  Parcant  Ramark* 


4.5  13.08  40.2 


6.3  18.87  58 


7.7  22.38 

11.2  * 


2.8  8.13  25  1.1  3.19 


up.  1.4  ml-NOl 
up.  5.7  ml -MO ( 

CC 

mid.  4.8  ml  -CC; 
up.  3.6  ml -NO I 

68.8  up.  3.5  ml-NOl 
100 

CC 

9.8  6.2  ml -NO  I 

low.  1.5  ml  -NOI 
CC 


OPEN 


|  •«*  *4. 


Length  Area 
(ml)  (ft2*  IQ6)  Percent 


Length  Area  Length  Area 

Cl)  (tt^lO6)  P«rcnt  (ml)  (ft2*!!)6)  P.rcut  R— arki2 


10  Jan  82 

11.2 

• 

too 

PC 

27  Jan  02 

28  Jan  82 

11.2 

• 

100 

CC 

1  Apr  82 

6.2 

18.02 

55.4 

low.  5  »I-CC 

1 982-8  S 

8  Oec  82 

7.2 

20.92 

64.3 

up.  4  «l-N0l;RBV 

18  Dec  82 

19  Jan  83 

1983-84 

22  Jan  84 

11.2 

• 

too 

CC;TM 

1 1.2  *  100 

to  Mar  84 

11.2 

• 

too 

12  %r  84 

11.2 

• 

too 

TM 

1984-85 

16  Jan  85 

11.2 

» 

100 

Surface  areas  of  some  pools  were  measured  on  Corps  of  Engineers  navigation  charts  (1:24000)  with  a  Los  Angeles 
Scientific  Instruments  Co.  digital  compensating  polar  pi  animator.  Those  areas  not  measured  mere  estimated  by  measur¬ 
ing  the  width  of  the  river  every  mile  on  the  Corps  charts,  calculating  an  average  width  per  pool,  then  multi  plying 
the  average  width  by  the  pool  length  to  get  the  area, 

timbers  In  miles;  CC.  cloud-covered;  PC.  partly  cloudy;  NOI,  not  on  Image;  TM.  Thematic  Nipper;  R8V.  Return  Beam 
Vtdlcon;  NT,  navigation  track  visible. 

•Area  equals  entire  area  of  pool. 


II 

W 


Pool;  I/O  7 

Rl  var:  Monongahafa 

Surface  fir—  (ft2  x  10^)*: 

19.91  (astlaatad) 

Langth  (al ) :  3.8 

GREY  ICE 

MHITE  ICE 

langth 

fir— 

langth 

Araa 

(al) 

(ft^tO6)  Par  cant 

(al) 

(ft^iofy  Parcant 

(ftsio6)  Parcant  R  Marks 


1972-73 

18  Nov  72 

5.8 

• 

100 

7  Oac  72 

5.8 

• 

100 

11  Jan  73 

CC 

12  Jan  73 

cc 

17  Fab  73 

5.8 

• 

too 

24  %r  73 

5.8 

• 

100 

1975-74 

1  Oac  73 

CC 

2  Oac  73 

5.8 

• 

too 

29  Jan  74 

5.8 

• 

100 

20  %r  74 

5.8 

• 

100 

1974-73 

27  Nov  74 

cc 

2  Jon  75 

cc 

23  Mir  73 

5.8 

13.04 

65,5 

lov.  2  al  -CC 

1975-76 

6  Jan  76 

5.8 

• 

100 

10  Fab  76 

cc 

19  Fab  76 

5.8 

V 

too 

28  Fab  76 

5.8 

• 

100 

29  Fab  76 

5.8 

• 

100 

8  Mar  76 

5.8 

• 

100 

26  *r  76 

5.8 

• 

100 

1976-77 

13  Oac  76 

CC 

30  Oac  76 

5.8 

• 

100 

31  Oac  76 

5.8 

• 

100 

17  Jon  77 

5.8  «  100 

18  Jon  77 

V* 

OB 

• 

o 

© 

5  Fab  77 

CC 

U  Fab  77 

2.9  9.96  50 

2.9  ml-#0l 

22  Fab  77 

5.8 

• 

100 

23  Fab  77 

3.4 

1 1.67 

58.6 

up.  2.4  mi-NOI 

30  Mar  77 

CC 

1977-78 

12  Jan  78 

CC 

31  Jan  78 

CC 

1978-79 

11  Ok  78 

5.8 

• 

100 

t«  Jan  79 

CC 

1979-80 

18  Nov  79 

5.8 

• 

100 

19  Nov  79 

5.8 

* 

100 

12  Jan  80 

5.8 

* 

100 

1980-81 

22  Nov  80 

5.8 

• 

too 

30  Nov  80 

5.8 

• 

100 

27  Oac  80 

CC 

28  Oac  80 

5.8 

• 

too 

9  Jan  81 

5,8  *  100 

RBV 

28  Mar  81 

5.8 

« 

100 

63 

XJT  k_"l  V 

’  .  n  w  n  «  1 

t  *  *  m  . 

*  k.l  K  1  M* l  «  r  x*  -  *  * 

warn 

[<  J 


Length  Area 

Length 

Area 

(.1)  (tt^lO6)  Promt 

(ml) 

(ft^xlO6)  Percent 

(  ft *x  1 0®>  Percen t  R Marks 


1961-82 

10  Jan  82 

5.8 

• 

100 

PC 

27  Jan  82 

28  Jon  82 

1  Apr  82 

4.2 

14.41 

72.4 

low.  1 .6  ml -CC 

CC 

CC 

1982-83 

8  Dec  82 

5.8 

• 

100 

RBV 

18  Dec  82 

19  Jan  03 

1983-84 

22  Jan  84 

5.8 

• 

100 

CC;TM 

5.8  *  100 

10  Mar  04 

5.0 

• 

too 

1 2«#r  84 

5.8 

* 

100 

TM 

1984-85 

16  Jan  85 

5.8 

» 

too 

Surface  araas  of  soma  pools  ware  measured  on  Corps  of  Engineers  navigation  charts  (1:24000)  with  a  Los  Angeles 
Scientific  Instruments  Co.  digital  compensating  polar  planlmeter.  Those  areas  not  measured  were  estimated  by  measur 
I  ng  the  width  of  the  river  every  mi le  on  the  Corps  charts,  calculating  an  average  width  per  pool,  then  mul tlplyl ng 
the  average  width  by  the  pool  length  to  get  the  area. 

^Numbers  in  ml  les;  CC,  c  loud -covered;  PC,  partly  cloudy;  NOI,  not  on  Image;  TM,  Thematic  ttopper;  R  Of,  Return  Beam 
Vldlcon;  NT,  navigation  track  visible. 


*Area  equals  entire  area  of  pool, 


!«»■>>«■>>.  i>.  »*«‘iVtUA,».i»t.t,>.«ti-l,>J 'UV *«t  fa* '\ 


Pool:  Itexvall  Rlvar:  Monongahala 

Surfaca  Araa  (ft2*  1 06>  i:  81.68  (astlwtad) 
Langth  (at):  23.8 


Data 

Langth 

(mi) 

Araa 

(tt^xiO6) 

Parcar 

1972-73 

18  Nov  72 

23.8 

* 

100 

7  Oac  72 

23.8 

• 

100 

11  Jan  73 

12  Jan  73 

17  F.b  73 

15.8 

54.24 

66, 

24  tor  73 

23.8 

• 

100 

1973-74 

1  Oac  73 

2  Oac  73 

23.8 

« 

100 

29  Jan  74 

23.8 

» 

100 

20  tor  74 

23.8 

« 

100 

1974-73 
27  Nov  74 
2  Jan  75 
23  »ter  75 


6  Jan  76 

1  0  Fab  76 

23.8 

• 

100 

19  Fab  76 

23.8 

• 

100 

28  Fab  76 

23.8 

« 

(00 

29  Fab  76 

23.8 

« 

IOO 

8  Iter  76 

23.8 

• 

100 

26  Mar  76 

23.8 

• 

100 

1976-77 

1 3  Oac  76 

18.8 

64.53 

79 

30  Oac  76 

23.8 

• 

100 

31  Oac  76 

23.8 

* 

100 

17  Jan  77 

9.2 

31.61 

38.7 

18  Jan  77 

5.2 

17.81 

21.8 

5  Fab  77 

1 1  Fab  77 

12.9 

44.27 

54.2 

22  Fab  77 

23.8 

* 

100 

23  Fab  77 

30  Iter  77 

23.8 

• 

100 

1977-78 

20  Mov  77 

17.5 

60.03 

73.5 

7  Oac  77 

12  Jan  78 

31  Jan  78 

1978-79 

11  Ok  78 

23.8 

• 

100 

29  Oac  78 

3.2 

10.95 

13.4 

18  J an  79 

7 

24.01 

29.4 

1979-80 

18  Nov  79 

23.8 

• 

100 

19  Nov  79 

23.8 

• 

100 

12  Jan  80 

23.8 

• 

100 

Length  Ara  a 
Cl)  (ft2)!  IQ6)  Prcwt 


4.1  14.0) 

8  27.44 


Langth  Araa 

Cl)  (M-^IO6)  Parcant  Ramarks^ 


19,7  ml-CC 
CC 


7.2  24.75 

1 1*6  39.78 


10.9  37.41 


9.5  32.59 


I  oh  .  5.5  ml  -PC; 
up.  18.3  ml-CC 


Ida.  5  ml-CC 


up.  6.3  ml  -NO  I 
loa.  1 1.6  ml-CC; 
up.  12.2  ml  -NO I 
CC 

39.9  14.3  ml-CC 


up.  20,6  ml -NOI ; 
RBV 

up.  16.8  ml  -CC 


m 


Data 

Langth 

(ml) 

Araa 

(ft^io6) 

Parc  an- 

1980-01 

22  Nov  80 

23.8 

• 

100 

30  Nov  80 

27  Dac  80 

23.8 

• 

100 

28  Oac  80 

23.8 

• 

100 

9  Jan  81 

6 

20.98 

29. 

26  tor  81 

23.8 

• 

100 

1981-82 

10  Jan  62 

27  Jan  82 

28  Jan  82 

1  Apr  82 

23.8 

• 

100 

1982-63 

8  Dac  82 

23.8 

a 

100 

18  Dac  82 

23.8 

• 

100 

19  Jan  83 

1983-64 

22  Jan  84 

19.6 

67.30 

82. 

10  Mar  04 

23.8 

• 

100 

12  Mar  84 

23.8 

• 

100 

1984-03 

16  Jan  86 

23*8 

• 

100 

_ GREY  ICE 

Length  Araa 


_ *HITE  ICE 

Length  A raa 


CC 

Ion.  15  ml-CC;R0V 


R0Y 

up.  4.2  ml  -CC; TM 


iSurfac«  araas  of  soma  pools  wara  maasurad  on  Oorps  of  Englnaars  navigation  charts  (1:24000)  with  a  Los  Angolas 
Sclantlfic  I nstrunants  Co.  digital  coapansat I ng  polar  planlmatar.  Thosa  araas  not  maasurad  wara  astlmatad  by  maasur- 
Ing  tha  width  of  tha  rlvar  ovary  ml  la  on  tha  Oorps  charts,  calculating  an  avaraga  width  par  pool,  than  multiplying 
tha  avaraga  width  by  tha  pool  langth  to  gat  tha  araa. 

^Nusbars  In  ml  las;  CC,  c  1  oud-covarad ;  PC,  partly  cloudy;  NOI,  not  on  imaga;  TM,  Thamstlc  feppar;  R8V,  Naturn  Baam 
V  Id  I  con;  NT,  navigation  track  vlslbla, 

•Araa  aqua Is  antlra  a^aa  of  pool. 


mmx 


'  '-V-W 
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Pool:  L/D  4  Rlvar:  Monongahala 

Sorfaca  Ara  a  (ft2  x  lO6)1:  71.04  (maasurad) 

Langth  (ml )  .*  19.7 


Langth  Araa 
(mi)  (ft^tO6)  Parcant 


Langth  Araa 
(•I)  (ft^lO^S  Parcant 


Langth  Araa 

( ml )  ( ft  2*1 0^)  Parcant  Ramarks2 


1972-73 

18  Nov  72 

19.7 

* 

100 

7  Oac  72 

11  Jan  73 

19.7 

• 

100 

cc 

12  Jan  73 

17  Fab  73 

16.8 

60.60 

85.3 

2.9 

10.44 

14.7 

cc 

24  Mar  73 

19.7 

• 

100 

1973-74 

1  Oac  73 

5.3 

19.11 

26.9 

up.  14.4  ml  -CC 

2  Oac  73 

19.7 

t 

100 

2  5  Jan  74 

19.7 

• 

100 

20  74 

19.7 

• 

100 

1974-75 

27  Nov  74 

CC 

2  Jan  75 

CC 

23  Mar  75 

CC 

1975-76 

6  Jan  76 

19.7 

• 

100 

10  Fab  76 

19  Fab  76 

19.7 

» 

100 

CC 

20  Fab  76 

19.7 

• 

100 

29  Fab  76 

19.7 

t 

100 

8  Mar  76 

17.5 

63.08 

88.8 

low.  2.2  ml  -CC 

26  76 

19.7 

• 

100 

1976-77 

13  Dac  76 

12.2 

43.97 

61.9 

low.  7.5  ml  -CC 

30  Oac  76 

19.7 

• 

100 

31  Dac  76 

17  Jan  77 

19.7 

» 

100 

1.7 

6.11 

8.6 

18 

64.93 

91.4 

NT 

18  Jan  77 

2 

7.25 

10.2 

2 

7.25 

10.2 

15.7 

56.62 

79.7 

5  Fab  77 

11  Fab  77 

2.2 

7.96 

11.2 

17.5 

63.00 

08.8 

CC 

22  Fab  77 

14.6 

52.64 

74.1 

5.1 

18.40 

25.9 

23  Fab  77 

30  *tor  77 

19.7 

» 

100 

CC 

1977-78 

20  Nov  77 

19.7 

# 

100 

CC 

7  Oac  77 

77.2 

3.61 

12  Jan  78 

15.2 

54.84 

5.1 

31  Jan  78 

*.2 

15.13 

21.3 

1978-79 

11  Dac  78 

19.7 

• 

100 

RBV 

29  Oac  78 

19,7 

100 

16  Jan  79 

19.7 

• 

100 

1979-80 

18  Nov  78 

19.7 

• 

100 

19  Nov  78 

19.7 

* 

100 

12  Jan  80 

19.7 

* 

100 

1980-81 

22  Nov  80 

19.7 

• 

100 

30  Nov  80 

19.7 

• 

100 

CC 

27  Oac  80 

28  Oac  80 

5  Jan  81 

19.7 

• 

100 

9 

32.47 

45.7 

up.  1 0.  7  ml  -CC; 
RBV 

28  fer  81 

19.7 

« 

100 

67 

>»» 

*  O  -s/ 

Oata 


1972-73 


Rlvar:  Monongahala 
71.47  (maasurad) 


Pool:  L/D  3 
Surfaca  Araa  (ft^  x  106)*: 
Langtl*  (ml):  ?7.7 

_ GREY  ICC 


langth  Araa  Langth  Araa  Langth  Ara  a 

(ml)  (ft^xlQ6)  Parcant  Cl)  (ft^xlO^)  Parcant  Cl)  (ft^xlO6)  Parcant  Ramarfcs^ 


13.2  ml-CC 

CC 


18  Mov  72 

17.7 

a 

100 

7  Oac  72 

17.7 

• 

100 

11  Jan  73 

12  Jan  73 

4.5 

16.16 

25.4 

17  Fab  73 

12 

48.46 

67.8 

24  Mar  73 

17.7 

a 

100 

1973-74 

1  Dac  73 

17.7 

a 

100 

2  Dac  73 

17.7 

a 

100 

23  Jan  74 

17.7 

a 

100 

20  Mar  74 

17.7 

a 

100 

1974-73 
27  Mov  74 
2  Jan  73 
23  Mar  75 


6  Jan  76 

10  Fab  76 

17.7 

a 

too 

19  Fab  76 

28  Fab  76 

17.7 

a 

100 

29  Fab  76 

8  Mir  76 

17.7 

• 

100 

26  Mar  76 

1976-77 

13  Oac  76 

17.7 

a 

too 

30  Dac  76 

17.7 

a 

100 

31  Oac  76 

17  Jan  77 

18  Jan  77 

5  Fab  77 

12.1 

48.89 

68.4 

1  1  Fab  77 

2.3 

9.29 

13 

22  Fbb  77 

15.5 

62.61 

87.6 

23  Fab  77 

30  Mir  77 

9.7 

39.17 

54.8 

1977-78 

20  Mov  77 

7  Oac  77 

17.7 

• 

100 

12  Jan  76 

12.5 

50.46 

70.6 

31  Jan  78 

3.2 

12.94 

18.1 

1976-79 

1 1  Oac  78 

17.7 

a 

100 

29  Dac  78 

17.7 

a 

too 

16  Jan  79 

17.7 

a 

100 

1979-80 

18  Nov  79 

17.7 

a 

100 

19  Nov  79 

17.7 

a 

100 

12  Jan  80 

17.7 

a 

100 

5.7  23.01 


5.2  21.01 


up.  14.2  ml  -PC; 
low.  3.5  ml-CC 


46  NT 
46 

CC 

32.2 


up.  6  ml  -CC 
CC 


up.  4  low.  14.3 
ml  -CC 


1 


m 


4 


$ 

Si 


dg >1  ■*  fg ■ 


Length  Area 
(•I)  Parent 


Length  Area  Length  Area 

(Mi)  (tt^io6)  Percent  (Ml)  (ft^lO6)  PtrCWtR 


1980-01 

22  Nov  80 

17,7 

• 

100 

30  Nov  80 

27  Dae  80 

1 7,7 

« 

100 

CC 

28  Oac  80 

15.5 

62.61 

87.6 

2.2 

8.86 

12.4 

5  Jan  81 

15.9 

56.10 

78.5 

1  OK.  3.8  Ml -N01 

R» 

28  Mar  81 

17.7 

« 

100 

1981-82 

10  Jan  82 

17.7 

• 

100 

PC 

27  Jan  82 

CC 

28  Jan  62 

CC 

1  Apr  82 

17.7 

« 

100 

1982-83 

8  Oac  82 

17.7 

• 

100 

R9f 

18  Dae  82 

17.7 

« 

100 

19  Jan  83 

17.7 

« 

100 

TM 

1983-84 

22  Jan  84 

10  Mar  84 

17.7 

• 

100 

9.7 

39.16 

54.8 

8 

32.30 

45.2 

12  Mar  84 

11.2 

45.24 

63.3 

«.5 

26.23 

36.7 

TM 

1984-83 

16  Jan  83 

17.7 

• 

100 

^Surface  areas  of  soma  pools  aere  Measured  on  Corps  of  Engineers  navigation  charts  (1:24000)  with  a  Los  Angeles 
Sclantlflc  Instrusents  Co.  digital  con^ensatlng  polar  planl eater.  Thosa  araas  not  Measured  were  estimated  by  measur- 
Ing  tha  aldth  of  tha  rlvar  avary  Mila  on  tha  Corps  charts,  calculating  an  avaraga  aldth  par  pool,  than  Multiplying 
tha  avaraga  aldth  by  tha  pool  langth  to  gat  tha  area. 

Dunbars  in  alias;  CC,  cloud-covered;  PC,  partly  cloudy;  NOf,  not  on  fmaga;  TM,  Thematic  topper;  RBV,  toturn  Beam 
Vldlcon;  NT,  navigation  track  visible. 

*Vea  equals  entire  araa  of  pool. 


I 


Vv 


Pool;  L/D  2  RJ  var; 

Surtaca  Araa  (tt2  x  106)1;  51.34  ( 

Length  (at):  12.6 


Rl  var;  Itonongahala 
51.34  (naasurad) 


Langth  V«a  langth  Araa  langth  Araa 

(■I)  (ftStlO6)  Parcant  (al)  (ft^xlO0)  Parent  cl)  tft^lO6)  Pageant  Ramarfca2 


1972-73 
18  Nov  72 
7  Dae  72 
1  1  Jan  73 
12  Jan  73 
17  Fab  73 
24  Mar  73 


6.5  29.57 


10,1  al-CC 
CC 


1973- 74 

1  Dae  73  12.6 

2  Dae  73  12.6 

25  Jan  74  12.6 

20  Iter  74  12.6 

1974- 75 

27  Nov  74 

2  Jan  75 

23  Iter  75 


6  Jan  76 

12.6 

• 

100 

10  Fab  76 

CC 

19  Fab  76 

7.8 

31.78 

61.9 

low. 

28  Fab  76 

CC 

29  Fab  76 

12.6 

* 

100 

8  Mar  76 

CC 

26  Iter  76 

12.6 

* 

100 

1976-77 

1 3  Dae  76 

CC 

30  Dae  76 

12.6 

* 

100 

31  Dae  76 

10 

40.76 

79.4 

2.6 

10.58 

20.6 

17  Jan  77 

12.6 

• 

100 

18  Jan  77 

12.6 

• 

100 

5  Fab  77 

CC 

1  1  Fab  77 

12.6 

• 

100 

22  Fab  77 

12.6 

• 

100 

23  Fab  77 

CC 

30  Mar  77 

CC 

1977-78 

20  Nov  77 

6 

24.44 

47.6 

low. 

7  Dae  77 

CC 

12  Jan  78 

8.9 

36.23 

70.6 

3.7 

13.09 

29.4 

31  Jan  78 

CC 

1978-79 

11  Dae  78 

12.6 

• 

100 

29  Dae  76 

12.6 

• 

100 

RBV 

16  Jan  79 

12.6 

• 

100 

1979-80 

18  Nov  79 

12.6 

• 

100 

19  Nov  79 

12.6 

• 

100 

12  Jan  80 

12.6 

• 

100 

OPEN 


GREY  ICE 


WHITE  ICE 


Length  Vm  Langth  Aria  Length  Are  a 

Data _ cl)  (f-t^xlO6)  Peccant  (ml)  (ft^lO6)  Parent  CD  (ft^lQ6)  Percent  Remark*2 


1980*8) 

22  Nov  80 

12.6 

• 

100 

50  Nov  80 

12.6 

« 

too 

27  Dac  80 

26  Dac  80 

12.6 

« 

100 

28  1 ter  81 

12.6 

• 

100 

1981-82 

25  Nov  81 

10  Jan  82 

27  Jan  82 

28  Jan  82 

12.6 

• 

100 

1  Apr  82 

12.6 

• 

100 

1962-83 

8  Dac  82 

12.6 

« 

100 

13  Sac  82 
19  Jan  83 

1983-84 

22  Jan  84 

12.6 

• 

100 

10  Mar  84 

12.6 

• 

100 

12  Mar  84 

10.8 

44,00 

85. 

1984-85 

16  Jan  85 

12.6 

* 

100 

12,6  •  100 
1.8  7.34  14.3 


CC 


loir.  4.3  ail  -CC; 
up.  8.3  *I-N0I ; 
RW 
PC 
CC 
CC 


RBV 


CC;TM 


TH 


Surfaca  areas  of  some  pool*  were  measured  on  Corp*  of  Engineers  navigation  chart*  0:24000)  with  a  Los  Angeles 
Sc  I  ant  If  |c  Instruments  Co.  digital  coapan»atlng  polar  planlmeter.  Tho*a  araas  not  measured  war*  estimated  by  measur 
Ing  tha  width  of  tha  rlvar  avary  ml  la  on  tha  Corps  chart*,  calcul  atlng  an  avaraga  width  par  pool,  than  mul  tlplylng 
tha  avaraga  width  by  tha  pool  langth  to  gat  tha  araa. 


^Numbers  In  alia*;  CC,  cloud-covered;  PC,  partly  cloudy;  N0I,  not  on  Image;  TH,  Thematl..  Mappar;  RW,  Raturn  Been 
Vldlcon;  NT,  navigation  track  vlslbla. 


•Area  aqua  I*  ant  Ira  araa  of  pool 


t 


Pool:  cMHortn  Rlvar:  *>nongahala 

Surface  Area  (ft2  x  106)1:  50.91  (aaasuraC) 

Length  (al):  11.2 


Length  Are. 

(■I)  (ft^lO6)  Percent 


Length  Area  Length  Area 

Cl)  (ft^tO6)  Percent  (■!)  (tt^xio6)  Percent  Reeierhe2 


1972-75 
18  Nov  72 


7  Doc  72 

11.2 

• 

100 

1  1  Jan  73 

8.3 

37.72 

74.  t 

2.9  ml-CC 

12  Jan  73 

CC 

17  Fab  73 

11.2 

a 

100 

24  Mar  73 

11.2 

* 

100 

1973-74 

1  Dac  73 

11.2 

* 

100 

2  Dac  73 

11.2 

• 

100 

25  Jan  74 

M.2 

• 

100 

20  %r  74 

11.2 

« 

100 

1974-75 

27  Nov  74 

cc 

2  Jan  75 

CC 

23  Mar  75 

cc 

1975-76 

6  Jan  76 

11.2 

• 

100 

1 0  Fab  76 

cc 

19  Fab  76 

6.7 

30.44 

59.8 

up.  4.5  ml  -CC 

20  Fab  76 

cc 

29  Fab  76 

11.2 

• 

100 

8  Mar  76 

cc 

26  76 

11.2 

• 

100 

1976-77 

1 3  Dac  76 

CC 

30  Dac  76 

11.2 

• 

100 

31  Dac  76 

4.7 

21.38 

42 

6.5 

29.53 

58 

17  Jan  77 

11.2 

a 

100 

18  Jan  77 

11.2 

a 

100 

5  Fab  77 

CC 

1  1  Fab  77 

8.8 

40.02 

70.6 

2.4 

10.09 

21.4 

22  Fab  77 

11.2 

a 

100 

23  Fab  77 

CC 

30  Mar  77 

CC 

1977-78 

7  Dac  77 

CC 

12  Jan  78 

3.4 

24.54 

48.2 

5.8 

26.37 

51.8 

31  Jan  78 

10.2 

46.38 

91.1 

up.  1  m\  -CC 

1970-79 

11  Dac  78 

3.2 

14.56 

28.6 

1  am .  8  mi  -CC 

29  Dac  78 

11.2 

a 

100 

R8V 

16  Jan  79 

11.2 

a 

100 

1979-80 

18  Nov  79 

11.2 

a 

100 

19  Nov  79 

11.2 

a 

100 

12  Jen  80 

11.2 

a 

100 

c:>c~v 

vVvj 

lVJ 


h-’X^v' 


;::W: 

H_  V  1 


OPEN 


GREY  ICE 


WHITE  ICE 


L«ngtr»  Vaa  Length  Araa  Length  Area 

Data  _ (mi)  (ft^lO6?  Percent  (ml)  (ft^lO6)  Percent  (ml)  (ft^loS  Par  cant  R— arks2 


1960-81 

22  Nov  80 

11.2 

• 

100 

30  Nov  80 

11.2 

• 

100 

27  Dec  80 

28  Dec  80 

11.2 

• 

100 

CC 

28  Iter  81 

11.2 

• 

100 

1981-82 


25 

NOV 

~81 

3.5 

15.94 

31.3 

up.  7.7  *l-CC;R0V 

10 

Jan 

82 

11.2 

• 

100 

PC 

27 

Jan 

82 

CC 

28 

Jan 

82 

CC 

1 

Apr 

82 

11.2 

• 

100 

1982-83 


8  Dec  82 

11*2 

• 

100 

RBV 

18  Dec  82 

11.2 

• 

100 

19  Jan  83 

CC;TM 

27  Fab  83 

8.7 

39.56 

77.7 

up.  2, 

1983-84 


26  Nov  83 

8.7 

39.56 

77.7 

Up. 

2.5 

ml  -NO  1 

22  Jan  84 

11.2  *  100 

10  Iter  64 

11.2 

« 

100 

12  Mar  84 

11.2 

« 

100 

TM 

2  Apr  84 

1.5 

6.82 

13.4 

up. 

9.7 

ml  -NO  1 

1984-85 

7  Jan  85 

16  Jan  85 

11.2 

• 

100 

CC 

^Surface  areas  of  some  pools  vara  measured  on  Corps  of  Enginaars  navigation  charts  (1:24000)  with  a  Los  Angeles 
Sciantlflc  Instruments  Co.  digital  compensating  polar  planlmeter.  Thosa  araas  not  measured  war •  estimated  by  measur- 
Ing  tha  width  of  tha  rlvar  avary  ml  la  on  tha  Corps  charts,  calculating  an  avaraga  width  par  pool,  than  multiplying 
the  avaraga  width  by  tha  pool  langth  to  gat  tha  area. 

^Numbers  In  miles;  CC,  c  loud-co  var  ad;  PC,  partly  cloudy;  NOI,  not  on  Imago;  TM,  Thematic  Mapper;  RWf  Return  Beam 
Vldlcon;  NT,  navigation  track  visible. 

•Area  equals  entire  area  of  pool. 
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APPENDIX  D:  DATES  AND  EXTENT  OF  ICE  FIRST  OBSERVED, 
MAXIMUM  EXTENT  OF  ICE  OBSERVED  AND  ICE  LAST  OBSERVED 
ON  EACH  POOL  WITH  LANDSAT  IMAGES 


The  bar  graphs  show  the  dates  during  each  winter  when  ice  was  first  observed  on  each 
pool  (first  bar),  when  it  was  observed  at  its  maximum  extent  (middle  bar),  when  it  was 
last  observed  (last  bar),  the  general  type  of  ice  observed  on  each  date,  and  the  percentage  of 
each  pool  covered  by  ice  on  each  date  (e.g.,  pool  4,  Fig.  D4a). 

On  some  of  the  bar  graphs  there  may  not  be  a  bar  for  each  of  the  first,  maximum  and 
last  ice  observations  (e.g.,  pool  1,  Fig.  Dla).  On  pool  1,  during  the  1972-73  winter,  ice  was 
first  observed  on  a  Landsat  image  on  11  January  1973.  The  ice  was  grey  and  white  and 
covered  100%  of  the  pool.  The  maximum  extent  of  ice  as  seen  on  images  was  observed  on 
11  January  and  17  February  1973  an£  covered  100%  of  the  pool.  It  turns  out  that  the  ice  last 
observed  on  Landsat  images  was  also  the  17  February  1973  observation.  The  next  usable 
image  was  taken  on  24  March  1973  and  no  ice  was  apparent. 

On  pool  3  the  only  ice  apparent  on  a  Landsat  image  was  seen  on  11  January  1973.  The 
ice  was  grey  and  covered  100%  of  the  pool.  Since  this  was  the  only  observation  with  Land¬ 
sat  that  showed  ice,  there  is  only  one  bar  on  the  graph  (Fig.  Dla). 

Not  all  the  images  were  usable  because  clouds  obscured  the  river  on  some  of  them. 
Consequently,  the  number  of  observations  for  a  pool  shown  along  the  bottom  of  the  bar 
graphs  may  not  be  the  same  as  listed  in  Appendix  C.  For  example,  during  the  1972-73 
winter,  Figure  Dla  shows  three  observations  for  pool  1  (L&D  9  pool)  whereas  Appendix  C 
lists  four.  Complete  cloud  cover  occurred  on  18  November  1972  (App.  C),  so  the  Landsat 
image  on  this  date  was  not  included  as  an  observation  on  the  bar  graph  (Fig.  Dla). 


River  pools  to  the  end  of  the  navigation  channel. 


Approximate 

Pool  no./  Pool  start  and  stop  points  surface  area* 
length  (mi) _ (river  miles) _ (f t2xl06 ) 


1/9.8 


Allegheny  River 

River  mile  72  to  UDT  9(62.2)  38.81 


2/9.6 

UD  9  to  UD  8  (52.6) 

43.1 

3/6.9 

UD  8  to  UD  7(45.7) 

34.i 

4/9.4 

UD  7  to  UD  6(36.3) 

47. 

5/5.9 

UD  6  to  UD  5(30.4) 

24.' 

6/6.2 

UD  5  to  UD  4(24.2) 

31. 

7/9.7 

UD  4  to  UD  3(14.5) 

56.: 

8/7.8 

UD  3  to  UD  2(6.7) 

43.: 

9/6.7 

UD  2  to  Pittsburgh  Point(O) 

33. ( 

Monongahela  River 

1/13.3 

River  mile  128.7  to  Opekiska 

UD  (115.4) 

31.60 

2/7.4 

Opekiska  UD  to  Hildebrand 

UD  (108) 

17.58 

3/6.0 

Hildebrand  UD  to  Morgantown 

UD  (102) 

17.42 

4/11.2 

Morgantown  UD  to  UD  8(90.8) 

32.53 

5/5.8 

UD  8  to  UD  7(85) 

19.91 

6/23.8 

UD  7  to  Maxwell  UD  (61.2) 

81.68 

7/19.7 

Maxwell  UD  to  UD  4(41.5) 

71.04 

8/17.7 

UD  4  to  UD  3(23.8) 

71.47 

9/12.6 

UD  3  to  UD  2(11.2) 

51.34 

10/11.2 

L&D  2  to  Pittsburgh  Point  (0) 

50.91 

1 


D  =  Dec 
J  *  Jan 
F*  Feb 


06rey 
White 


in 

c\j 


I  2  3 

3  2  2 


4  5  6 

2  2  2 


7  8  9  No. of  Pool 

3  3  4  No.  of  Observations 


Figure  D2.  1973-74  winter, 
Allegheny  River. 


Figure  D3.  1975-76  winter, 
Allegheny  River. 


Porcont  of  Pool 


4  5  6  7  8  9  No.  of  Pool 

6  6  5  6  7  5  No.  of  Observations 


.vw-RWin  ft- 

w 


a.  Allegheny  River. 


4  5  6  7  8  9  10  No. of  Pool 

7  7  8  8  7  6  6  No  of  Observations 


b.  Monongahela  River. 


Figure  D4.  1976-77  winter. 


8'  9  No  of  Pool 

2  3  No.  of  Observations 


a.  Allegheny  River. 


23456789  10  No.  of  Pool 

j  10  0  0  3  3  3  2  Z  No  of  Observations 


h.  Monongahela  River. 


Figure  D5.  1977-78  winter. 


_v.vv^ 


To  No  of  Pool  Figure  D8.  1981-82  winter, 

3  no  of  Observations  Monongdheld  River. 


No,  of  Pool 

No  of  Observations 


Figure  D9.  1982-83  winter, 
Allegheny  River. 
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Dischorgi 


Temperature 


Doily  Temperature  (°C) 


Ice  Cover 
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Dischorg.  <„’,*)  §  D.schorge  ( ft  /«>  8  Avg.  Doily  Tempera. u„  <*C> 


schor9e!"  /s)  8  Oischorqe  ( ft 3/s)  g  Av,  Doily  Temperature 


Avg.  Doily  Temperature  (®C) 


Ice  Cover 


Air-Piftsburgh,  Pa.  Int'l  Airport  H80 


Dec  Jan 


Feb  Mar 


Figure  E13.  1984-85. 
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